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Chapter-I 


INTRODUCTION 


India is one of the major oilseed producing country in the 
world. Among oilseed crops, Brassica group of oilseeds, commonly 
known as rape seed and mustard, accoimt for over 13.2 per cent of 
the world's edible oil supply and are the third most important edible 
oil source after soybean and palm. The global scenario of rapeseed & 
mustard showed that during 1996-97, its area was 5324.2 million 
hectare and production was 35.10 million tonnes with the 
productivity of 1451 kg/ha. Among the 7 Asian countries, China and 
India together account for 95.4 per cent of the total hectarage and 
96.7 per cent of the rapeseed-mustard production in Asia. The 3 deld 
level ranged from 466 (Kazakhstan) to 1889 kg/ha (Korea Republic) 
(FAO production year book, 1997). In India rapeseed and mustard 
occupies second position in acreage with 4.8 million hectare after 
groundnut (7.0mha.). The contribution of rapeseed and mustard was 
7.01 million tonnes and production 4.71 million tonnes with 
productivity of 667kg/ha. Northern states of the country are the 
major rapeseed and mustard producing regions accounting for about 
90 per cent of country's total production. Rajasthan ranking first 
with 32.5 per cent of country's total rapeseed and mustard 
production followed by U.P., Gujarat, Haryana, M.P. and Assam 



(Appedix-1) The oil extracted from rapeseed and mustard is used for 
culinary purposes and the meal cake. The residue after the oil 
extraction, as cattle feed. In addition to this, the seeds are used as 
spices as components in preparation of salad juices curries and 
pickles. Besides, there is heavy industrial demand of the oil for 
lubricant and toilet perposes. Rape and mustard seed have about 40 
per cent oil on dry weight basis. The meal contains 38-44 per cent 
high quality protein. 


The area production and productivity of mustard in U.P. 



during last five years given in table (A) 


Total Ai ea in 
I.akh ha. 


Total Productivi 

production in in Qii/ha 
lakh.me.tan. 


Source:- Rabi faslan ki saghan paddhatiyan 2007-2008. Directorali of 


Nevertheless, the quantity of oil available in the country is far 
short of the need of the people. The per capita availability of edible 
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oil in India is only 18g/day as against the normal requirement of 
SOg/day. To meet the country's requirement of edible oil India has to 
spend a huge money every year on imports of edible oil. Further 
more, production and productivity of oilseeds in the country have 
virtually remained stagnant over the year. The average yield of this 
crop in the country is 848 kg/ha. 

Among Brassica group of oilseed crops Indian mustard or Rai 
[B. juncea (L.) Czern & Coss] occupies quite a large acreage of total 
rape seed and mustard growing area of Northern India, It has 
almost replaced yellow sarson on account of its greater resistance to 
aphids, drought condition and shattering. (Pawlowski.1970, 
Ray. 1978). Due to its economic importance and major growing crop 
especially in Northern India, Indian mustard requires special 
attention for its improvement. 

Prime consideration with the improvement of this crop is its 
jield of seeds/ha. But yield is a complex character, governed by 
several genes interacting each other. Greatly influenced by 
environmental conditions and is the result of interaction of the 
environment and the genotype. It is therefore, the genetic diversity 
present in a crop plays an important rote in improvement of the 
crop. Greater the diversity more is the genetic potentiality and wider 
is the scope for improvement. It is therefore, paramount importance 
for a plant breeder to study as large collection of genotypes /varieties 
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as possible. Variability in crop plants provides an opportunity for 
selecting desirable types. 


As, \deld is a very complex character it is difficult to study and 
its improvement is even more difficult. Emphasis cannot be laid 
upon the yield alone due to its complexity in inheritance and being 
influenced by the environmental factors. A practical if not an ideal 
approach would then appear to study yield character by breaking it 
down into its components and- studying each one separately as well 
as in combination with one another. Whitehouse, Thompson and 
Rioberio (1958) and Grafius (1959) have suggested implicity or 
explicity there may not be gene for yield per se but rather for the 
various components the multiplicative interaction of which results in 
the artifice of yield. Therefore a essential of have some information 
on the association between different yield components and their 
relative contribution to yield. A knowledge of such relation ships 
essential if selection for the simultaneous improvement of yield 
components and in turn yield is to be effective. In this context the 
correlation studies assume special importance as it tell us about the 
genetic association of different characters with seed yield. But 
correlation measures do not employ any cause and effect relationship 
path coefficient analysis as. suggested by Wright (1921) on the other 
hand gives a clear picture cause and effect as it slice off the 
correlation in to the estimates of direct and indirect contribution of 
each character towards, yield. 
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Heritabiiity which is an index of transmissibility of characters 


from parents to offspring is a suitable measure for assessing the 
magnitude of genetic portion of total variability. Due consideration 


must there fore be given to heritabiiity estimates of the characters 


while improvement in a crop by selection for various characters is to 


be made. But heritab’lity alone does not give true picture of genetic 
improvement likely to be made during selection in subsequent 
generations, it is the genetic gain which predicts the speed of genetic 
improvement to be affected by selecting a particular portion of the 
population. Therefore fore crop improvement by selection. It is 
essential to study the extent of heritabiiity along with genetic 


advance. 


The effects of genotype and environment as phenotype may not 

be always independent. The phenotypic response to charge in 
environment is not same for all genotypes, the consequences of 
variation in phenotypic depend up on the environment. Since GxE 
interaction has marking effect on genotypic (Comstock and Moll, 
1963) hence these interactions are of considerable importance to 
plant breeders in identifying the genotypes suitable for favourable 
location/environrient or even different fertility levels and assumes 
importance for potential expression of characters under interest. The 
main efforts of geneticists are to reduce them or to scale the out. The 
genotypes adjusting their phenotypic state in response to the 
environment so that they are able to give their maximum yield or 


I 


5 


near maximum (Economic returns are called "well buffered" genotype 
(Allard and Hansche 1964). The Indian mustard is generally sown in 
marginal or sub-marginal lands imder poor fertility condition. The 
low responsiveness to fertilizers in Indian mustard is a limiting 
factor for poor y ield, susceptibility of various genotypes to different 
insect pest (aphids) and diseases are an other limitation to get self 
sufficiency in yellow revolution. Hence present investigation was 
carried out utilizing 25 genotypes over diverse environments to 
assess to the stability of seed yield and its component traits in 
Indian mustard under different dates of sowing with varying fertility 
levels and locations. 

The main objective of present investigation is given as under:- 

1. To assess the amount and nature of genotype environment 
interaction. 

2. To evaluate and screen out the potential genotypes giving 
consistant performance and genotypes giving good 
performance under specific environment of Bunkelkhand. 

3 To select the genotypes on the basis of stability parameters for 


various characters. 
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Chapter-II 


REVIEW OF LITERATURE 



1. Genetics variability and heritability: 


Chandola et ah (1973) observed in B. Juncea that plant 
height showed high value of genetic advance. However, low genetic 
advance with low heritability value was expressed by yield per plant. 

Srivastava and Das (1973) studied genetic parameter and 
correlation coefficient in Brassica campestris Var. sarson (Pram) and 
found that seed yield per plant posses high genotypic coefficient of 
variation. High heritability in broad sense was associated with high 
genetic advance for number of siliquae on main shoot and for seed 
yield per plant. 


Tiwari and Singh (1973) observed moderately high 
heritability percentage in narrow sense for yield per plant (45.77%) 
and plant height (42.27%) in Brassica jruncea. 

Thurling (1974) observed high heritability for flowering 
period, seeds per pod, seed weight and yield in variety span. 
Majority of characters had higher herif abilities. 

Eiatiyar et ah (1976) reported in Indian mustard that the 
heritability and genetic advance were high for plant height and seed yield 
per plant. Heritability for nximber of branches was also food to be high. 



Paul (1978) observed that heritability in broad sense was 
moderate to high in Brassica juncea.’Vhe mean genotypic coefficient 
of variation was highest for seed size (92.78%). 


Li and Guan (1981) studied heritability and variability in napus. 
They reported average heritability value for branching position, 
plant height, length of main inflorescence in eight varieties to be 91. 
6, 88.8 and 82.0 per cent, respectively. The heritability values for 
yield components were low. The coefficient of genetic variation for 
number of siliqua per plant and number of effective branches were 
comparatively high, while those for number of seeds per siliqua and 
1000-seed weight were relatively low. 

Yadav (1983) worked out coefficient of variability, 
heritability, correlation coefficient and path analysis in brown 
sarson {B. campestris) ond reported that, secondary branches had 
greatest phenotypic and genot 3 q)ic coefficient of variability. 
Heritability estimates were high for total number of siliqua per 
plant, all other characters hf d medium to low heritability. 

> Chen et al. (1983) studied heritability and path analysis in 

f ' rage, they reported that, heritability was very low for seed yield. 

Olivieri and Parrini (1983) reported in rapeseed, relatively 
high heritability for 1000-seed weight and low for siliqua per plant. 
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Yadav et al. (1985) studied genetic variability in brown 
sarson comprising 39 genotypes which showed significant variability 
for all the characters studied particularly for plant height, number of 
siliqua per plant, number of siliqua on main shoot, number of 
secondary branches and seed jdeld. There was very good agreement 
between genotypic coefficient of variability and phenotypic 
coefficient of variability for all characters. Heritability estimates 
ranged from medium to high. 

Bang et al. (1986) ctudied heritability of some agronomic 
characters in rr.ustard and found that the heritability estimates in 
broad sense were high for flowering time (0.992) and seed 3 deld 
(0.987) and moderately high for plant height, raceme length and 
total number of branches. 


Singh et al il9Sl) recorded low to medium heritability in 
number of primary branches and seed per siliqua. 

Li et al. (1990) studied heritability of 24 characters in 60 
genotypes of Brassica napus. They grouped these characters into 3 
^oups viz., yield (19 characters), morphological and oil composition 
characters. All these groups showed low heritability estimates. 

Kumar at al. (1994) recorded data on 12 yield components in 
15 genotypes of Brassica Jurtcea, 3 of J5. napus, 3 of B. napus, 4 ofB. 
chine nsis grown during rabi 1985-86. High level of genetic advance 



and heritability in broad sense were 'noted in several characters 
yield improvement was thought possible through selection for jdeld 
per plant, harvest index, siliquae per plant, number of secondary 
branches and 1000-seed weight. 


2. Correlation Coefficient: 


Kunn andi Kim (1977) worked out correlation and path 
coefficient in rape they observed non significant correlation between 
yield and earliness both at genotypic and phenotypic level. Path 
analysis revealed th it lateness had a direct effect on yield. 


Rawat and Anand (1977) studied the association of seed 
yield with its components characters in Indian mustard and reported 
that ydeld was correlated with number of primary branches number 
of secondary branches, plant height, number of seeds per slliqua, 
and thousand seed weight. They further reported that maximum 
contribution to yield was through the primary branches and 
secondary branches. 


Pathak and Tripathi (1978) reported appositive and non 
significant association of test weight with seed yield.^^ 

Pauw and Baker (1978) investigated the character 
association in four traits of JSrassica campestris and reported that 
only height and days to maturity were appreciably correlated. 
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Yadav et al. (1978) studied correlation in Indian mustard 
and reported that number of days to on set of flowering was 
negatively correlated with number of days to 50 per cent flowering, 
1000-seed weight and number of days to maturity, while number of 
days to 50 per cent flowering was positively correlated with lOOo- 
seed weight and number of days to maturity. A positive correlation 
was found between number of days to maturity and 1000-seed 
weight. 

Prasad et al. (1979) studied correlation coefficient in Brassies 


cornpestris Var. sarson (Prain) and reported that grain yield was 
found significantly associated with plant height, number of primary 
and secondary branches, length of main siliqua bearing branch, 
i number of siliqua on main axis, number of siliqua per plant, days to 

maturity, grains per siliqua and 1000-grain weight. 

Tak and Salroo (1979) studied association of yield and yield 
components in Brassica compesiris (L.) and reported that seed yield 
! per plant was positively correlated with period of flowering, pods per 

' plant, plant height, 500-seed weight and days to maturity. 

r : ■ ■ ■■ ' ^ 

Srivastava et al, (1983) studied correlation m Brassica 
juncea (L.) and corriuded that the seed yield was positively 
associated with number of primary branches, secondary branches, 
plant height and days to maturity. 
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Uddin et al. (1983) worked out correlation for yield and 
some quantitative characters in Indian mustard. They concluded 
that seed jdeld was found to be positively and significantly 
correlated with plant height, primary and secondary branches and 
seeds per pod at phenotypic level. However, at genotypic level yield 
per plant showed significant and negative correlations with all above 
characters except plant height. Most of the correlations were positive 
at phenotypic level but negative at genotypic level. 

Yadav (1983) found that seed yield was correlated with 
number of primary branches, number of siliqua per plant, number of 
inflorescence, 1000-seed weight and plants height. 

Singh ef a/. (1985) investigated morpho-physiological 

attributes in relation to seed yield in Indian mustard and found that 
total siliqua number per plant, number of secondary branches per 
plant and 1000-seed weight were significantly and positively 
correlated with seed yield. 

Chaudhary aZ. (1987) studied correlation of nine 

important characters of mustard. Study indicated that yield per 
plant showed positive and significant genotypic correlation with 
days to maturity, plant height, number of primary branches, number 
of siliqua on mam raceme, on lateral branches and siliqua length. 
1000-seed weight and number of primary branches had the highest 
positive correlation with yield. 
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Gupta et aL (1987) studied correction of metric traits 
contributing towards oil yield in Indian mustard among the 51 
diverse Brassica Juncea genotypes. Harvest index, oil percentage 
and seed yield were positively correlated with oil yield at the 
genotypic and phenotypic level with genotypic correlation being 
generally higher than phenotypic ones. 

Kumar et al. (1987) studied association of economic traits in 
yellow sarson. [B. compestris Var. yellow sarson]. Yield was most 
highly correlated, with number of secondary branches followed by 
number of primary branches, days to first and 50 percent flowering 
and height. 

Singh et al. (1987) reported that seed yield was positively 
correlated with stem height, number of siliqua per plant, primary 
and secondary branches per plant in Indian mustard. 

Chaturvedi et al. (1988) studied correlation and reported 
that number of primary branches secondary branches, tertiary 
branches and hmgth of mam receme showed positive correlation 
with yield. 

Kumar et al. (1988) studied correlation coefficient analysis 
in Indian mustard and found that yield was positively and 
significantly con’elated with number of primary branches, secondary 
branches and num per siliqua per plant. 



I 
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Chaudhary et al. (1990) evaluated Brassica genotypes for 
physio-morphological parameters under moisture stress condition. 
Simple correlation studies revealed that positive association of yield 
with secondary branches per plant, siliqua number per plant arid 
biological yield. Negative association of seed yield was found with 
number of seeds per siliqua. 

Dhillon et al. (1990) studied association of 7 characters in 
51 lines and found that plant height had the highest direct effect on 
seed yield while secondary branches/plant, main raceme length and 
pods/main raceme were also major contributors. 

Reddy (1991) studied correlation in Indian mustard (J3. 
Juncea (L.) Czern and Coss) and indicated that seed yield is 
positively and significantly correlated with leaf area index, primary 
and secondary branches per plant, siliqua per plant, seeds per 
siliqua and plant weight of si iqua and seeds. 

Zaman et al. (1992) studied correlation, on Swedish 
advanced rape lines that had been crossed with Brassica Juncea. B. 
carinata and B. alboglahra to incorporate earliness to enable 
cultivation of rape in Bangladesh. Results showed seeds per pod to 
be negatively correlated with pods per plant, thereby imposing 
limitations on simultaneous improvement of the two traits. 
Moreover, both uaits were positively correlated with, maturity. 
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imposing further crnstraints on the selection of early and high 


yielding genotypes. 

Chaudhary era/. (1994) studied correlations in yellow 
seeded Brassica tournefortii for 10 yield components in 35 genotypes. 
Number of siliquae per main raceme, primary branches per plant 
and recemes per plant more significantly and positively correlated 

with seed yield. 

Singh et al (1995) studied correlations in eight diverse 
cultivars for 10 characters in B. juncea. They reported that oil 
content was positively associated with 1000-seed weight and seed 
yield indicating the possibility of simultaneous improvement for 
these characters;. 

3. PATH ANAI.YSIS 

Srivahare et al. (1976) adopted path coeffident analysis for 
yield in Indian mustard and concluded that number of primary and 
secondary branches, the number of seed per siliqua and 1000-seed 
weight, each has a large direct effect over yield per plant. The plant 
height and days to flowering affects yield via number of secondary 

branches. 

Labana et al. (1977) employed path analysis for yield in 
Indian mustard. The analysis revealed that the secondary branches 
had the maximum direct effect on yield. Pods on main shoot, number 
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of primary branches and days to maturity showed a high direct 
effect, whereas, days to flowering gave a high direct negative effect. 
Seeds per siliqua showed a high direct negative effect via pod length 
and days to flowering. 1000-seed weight showed a high n^ative 
indirect effect through days to flowering but showed a positive 

indirect effect through dayp to maturity. 

Singh at al (1978) applied path analysis in Indian mustard 
and concluded' that the number of siliqua on main shoot and number 

of secondary branches were the main yield components. 

Das et al. (1984) reported that strongest direct effect on yield 
were given by primary branches in Brassica juncea, siliqua number 

and seed per siliqua in 5rassica compestris. 

Kumai- et al. (1987) studied correlation and path 
coefficients of economic traits on yield in yellow sarson and found 
that yield was highly correlated with number of primary branches, 
days to first and 50 per cent flowering. Path analysis indicated that 
plant height, number of primary branches, number of seed per 
siliqua, days to !)0 percent flowering had high direct effect on yield. 

Mishra et al. (1987) appUed path analysis in yellow seeded 
Indian mustard, they reported that seed weight per unit volume had 
the greatest direct effect on yield, which was also positively affected 
by days to maturity, plant height, number of secondary branches, 
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though these positive direct effect were nullified by negative indirect 
effects on the s(;ed 3 deld. Despite of these negative indirect effect on 
seed yield, the traits number of primary branches, number of siliqua 
per plant appeared important in improving yield owing to their 
positive direct e ffect on it. 

Behl et al. (1992) studied morphophysiological determinants 
of oil yield in Brassica Juncea under dry land conditions. They 
reported that the greatest effects on Oil yield were directly from 
seed yield and indirectly from siliquae per plant, seed weight and 
leaf turgor pressure. Sub components of shoot length, seeds per 
siliqua, secondary branches, siliqua length, relative water content 
and osmotic potential contributed to oil 3 deld via one or more main 
components. 

Kandil ef al. (1994) reported that number of pods per 

I : ^ f : 

I plant had the highest direct and indirect effect on yield plant in B. 

I ' napus L. and was responsible for 40 per cent of the variation in this 

character. 

I ■■ ■ ' ' ' ’ ■ ' ■' ' 

; Ramani et al. (1995) collected data on 10 yield components in 

Indian mustard grown under 12 different irrigation regimes which 
were subjected to path analysis. The number of primary branches 
per plant had the most direct positive effect on yield followed by 
number of secondary branches per plant. 
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Saini et al. (1995) studied character association and path 
coefficient analysis to determine relationship between growth and 
yield parameters in 28 lines of yellow and brown sarson (B. 
compestris Var. sarson) seed number per siliqus, harvest inde_ and 
lOOO-seed weigtit. were identified as important factors affecting seed 
yield. 

4, Stability Parameters; 


Badwal and Labana (1989) found significant genotypes 
environment interaction for all characters under study. Five parents 
and five hybrids, were shown to be stable and produced a high seed 
yield. Significant positive correlation was observed between seed 
yield and plant height primary branches, secondary branches and 
siliqua length which indicated that these were yield components that 


contributed to yield stability. i 

Sharma and Roy (1993) conducted an experiments on 3 
dates of sowing with 14 napus and Juncea genotypes and observed 
significant GxE interaction for both characters and crops. Both 
linear and non-linear components were significant for maturity | 

where as non-linear component was significant only for seed yield. j 

In toria, the earliest maturity genotypes, TS 29 had a stable yield 
and the highest yielding genot 3 pes, M 27 was stable for maturity. In 
Indian mustard, Dira 367 gave above average stability for yield and 
maturity, TM4 was stable for maturity. 
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Mahto (1996) observed significant GxE (linear) interactions 
for all the characters except number of siliquae per plant, plant 
height and number of secondary branches, he evaluate stability of 
indivisual genotypes based on regression coefficient and deviation 
from regression. 

Lekh-Raj et al. (1997) evaluated 54 selecting of gobhisarson, 
rape, juncea and carinata on six environment and 3 dates of sowing. 
The contribution of reproductive period, days to maturity and days 
to 50% flowering to seed yield was not stable for all the characters, 

Mahto (1999) evaluated 19 genotypes of Indian mustard in 
three environment and observed significant GxE (linear) for all the 
characters except no. of sili quae/plant, plant height and number of 
secondary branches. 


Mahto and Haider (2000) observed considerable genetic 
variability and significant environment and GxE interaction for all 
the 11 characters. Among the parents, RW 873 and Kranti proved to 
be the most stale genotypes for the majority of traits. 

Dhillon, S.S. et al. (2001) studied twenty-eight genotypes of 
Indian mustard to find out genotype environment interaction (GxE) 
and phenotypic stability for grain yield and its components. 
Sufficient GxE interaction was exhibited by the genotypes for all 
the characters except oil content. However, characters differed as 
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regard the contribution of linear and non-linear components of G x-S 
interaction. The genotype PBR 181, PBR 171 AND PBR 91 have 
stability for most of the important yield contributing characters as 
well as seed 3 deld. Thus, these genotypes can be utilized to develop 
stable strains having wider adaptability in future breeding 
programmes. 

Gunasekera ef al. (2003) studied the effect of genotype and 
environment interaction on seed yield of mustard and canola in low 
rainfall area of Mediterranean type environments of South Western 
Australia and observed average phenotypic stability for mustard 
genotypes Monty across the environments. Mustard genot 5 pes 
887.1.6.1, 82N022-98 showed general adaptability for yield across 
the environments genotypes JM25 and JM33 showed specific 
adaptation to drought and high temperature canola genotype Oscar 
produced lowest yield across environments and showed high 
sensitivity to environments. 

Patel et al. (2005) noted significant GxE interactions and 
GxE (linear) for seed yield, length of main branch, branches/plant 
and seeds/siliquae. Genotypes SKM 2026 and NPJ 82 were found 
stable for siliquae/plant and_ oil content suggesting that these 
genotypes can be exploited for further breeding programme. 

Gupta et al (2006) studied 7 characters in Indian mustard of 
10 genotypes in three years at Bikaner and observed significant GxE 
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interactions for all the traits. The GxE linear was significant for test 
weight and days to maturity. 


Singh et al. (2006) observed considerable variability for 1000- 
seed weight, seed yield and other characters genotypes Vardan and 
Seeta were found suitable for low input environment while Krishna 
for input rich cultivation. 

Mahto and Mahto (2007) reported significant environment 
and GxE interaction for all the characters studied when tested 
against pooled error. The pooled deviation from regression were also 
significant for all the characters except primary branches, but the 
magnitude of lir ear component was higher in comparision to pooled 
deviation indicating that major portion of interaction was linear and 

predication over environment was still possible. 

Sigh and Kumar (2007) noted significant differences among 
genotypes and environments in toria. The linear component was 
significant for all the characters except number of primary branches 
suggesting that prediction of genotypes were possible across the 
environments. Genotype IC212033 was observed to be desirable and 
stable for yield and other characters. 


I; ^ ^ ^ ^ ^ 
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Chapter-in 


MATERIAL AND METHODS 


The experimental material for present study was 


comprised of 25 strains/varieties of Indian mustard [Brassica 


juricea (L.) Czern and Coss.] selected on the basis of genotypic 


/phenotypic diversity. These lines were obtained from the gene 


bank maintained at Oilseeds section of C.S. Azad University of 


Agriculture & Technology, Kanpur-208002. The name, 


origin/pedigree and salient characteristics of the genotypes are 


listed in table 1. 


All the genotypes were sown in a completely randomized 


block design replicated thrice in twentyfour varying 


environment i.e. two dates of sowing, two locations, two years 


and three levels of fertilizers during 2006-06. The dates of 


sowing were 25‘^ September 2005 (normal) and 25*^ October 


2005 (late). The normal dose of fertilizer was 100 kg N, 60 kg 


P2O5 and 40 kg K20/ha while low dose was 50 kg N, 30 kg P 2 O 5 


and 20 kg K20/ha and nil fertilizers respectively. The 
experiment was laid out ai two locations namely, Brahmanand 
Mahavidyalaya, Ratli (Hamirpur) and Nehru Mahavidyalaya, 
Lalitpur Research Farms. At Lalitpur location same doses of 


fertilizer were used while dates of sowing were 21^'^ September 
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2005 as normal and 27^^ October 2005 as late. The same 
experiments were repeated next year also with same 


treatments 

Each genotypes was sown in two rows of 5 meter long 
spaced at 45 x 15 cm between rows and between plants 
respectively at both the locations and years. All the 
recommended agronomical practices were adopted to raise a 
good crop except fertilizer doses. Which were applied as per 
treatments. 


Recording of the data: 

The observations were recorded on ten randomly selected 
plants from each genotypes and each replication for following 
characters. 

(1) Days to flower: It was observed on plot basis in each 
genotype when 50 percent plants start flowering from 
the date of sowing in days. 

(2) Number of primary branches; Total numbers of 
primary branches containing siliquae were counted at 
the time of harvesting in each genotype and each 
replication. 
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(3) Number of secondary branches ; Total number of 
secondary branches arise from primaries were counted 
at the time of harvesting. 


(4) Plant height: It was measured in cm at the time of 
harvesting from level of the earth to top of the plant 
with the help of a meter scale. 


(5) Length of main fruiting branches: The length of 
main fruiting branches was measured in centimeter by 
the help of meter scale at the time of harvesting. 

(6) Number of siliquae on main fruiting branches: 
Total number of siliquae on main fruiting branch 
bearing seeds were counted at the time of threshing. 

(7) 1000-seed weight : Exact 1000 seeds were counted 
randomly after threshing and weighed in gram up, to 
two decimal points with the help of electronic balance. 

(8) Days to maturity; It was recorded as day taken by 
genotype for its physiological maturity from date of 

sowing. 

(9) Yield per plant : All the ten plants were threshed 
together and their seeds were weighed in gram up to 
two d€icimal points with the help of electronic balance 
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and the yield per plant was taken after dividing the 
yield by number of plants. 

(10) Oil content (%): It was estimated in dry seeds using 
NMR instrument in percent up to two decimal points. 

Statistical / biometrical analysis 

Statistical analyses of the data were conducted as usual 
procedure while stability analyses were carried out by four 
models as given below: 


Statistical Analysis: 

The subject of statistics deals with variability and how to deal 
with it. In the planning and conduct of an environmental of 
ecological investigation, the items used to control environmental 
variability are (a) refinement of experimental technique, (b) selection 
of homogeneous material and / or environments, (c) grouping 
(blocking, stratifying) material into homogeneous subgroups (blocks, 
strata), and (d; measurement of related variables and use of 
covariance. Item (c) is an application of the Fisherian principle of 

control. 

The second Fisherian principle of replication is sued to reduce 
further the variability of estimates. The third Fisherian principle of 
randomization provides for unbiased estimates of effects and their 
variances. There are many ways of blocking (arranging) the 
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experimental units lEus) in a comparative experiment with v 
treatments. If the sample of Eus is from a homogeneous population, 
then no blocking is required and a completely randomized 
experiment design (ED) of the v treatments randomly allotted to the 
iw Eus is used. The replicate number (sample size) for each 
treatment is r unless unequal replication is desired. If homogeneous 
blocks of size v are available to accommodate all v treatments, a 
randomized com]3lete block ED (all v treatments in each block, not 
necessarily an equal number of times) is used. 

Randomized Block Design 

Randomized Block Design (RBD). The stability was computed 
analyzing the data using Randomized Block Design. Adoption of this 
design is useful v^hen the variation between the blocks is significant. 

The main features of this design are presented below: 

1. Construct a table of totals and means. 

2. Compute the entries in a ANOVA table. 

3. Compute a CV. 

4. Conduct significance tests. 

5. Compute means and standard errors. 

To illustrate the analysis suppose we have a RBD with r-blocks ana 
p-treatments. Let yy represent the yield of the j-th treatment in the 

block. 


1. Construct a two-way block by treatment table and compute 
totals and means as shown in Table-3.4, 

2. Construct ANOVA table. This takes the same general form 
as the ANOVA table for the CRD except that it includes 
and additional soui ce of variation for blocks. The entries in 
Table 3.5 are obtained as follows : 

1. Source - Total variation is partitioned into components 
due to blocks, treatments, and error. 

2. d.f - Degrees of freedom are one less than the number of 
classes in each variance. 

3. The error Degrees of freedom value is obtained by 
difference d.f Error - d.f. Tot, - d.f Rep. - d.f Tot. 


Table : Summary table of data, from a randomized block 


Block 


Treatment 


Sum 

Mean 

1 

1 

2 

p 

l+S-fp 

yi 

- 

- 


- 



Sum 

T\ 


Tp 

g 

G- 


Ri = S I yij = total yield of i-th block 
y‘ = Ri/p = mean of i-th block 


Ti = S I yij = total yield of j-th block 
yj = Ti/p = mean of i-th treatment 
G = E 1 Ri/p = I jTj = grant total of all 
G = G/rp = grand mean 


Table : Analysis of variance for a randomized block design. 


Source 


M.S. 


1. Replication r-1 


2. Genotype g-1 


3. Error 
Total 


(r-lXg-l) 


frp'-l i 


Total 


(rg-1) 


r * ^ ^ , 

JmJ I*/ fW /«/ 




SS£ = SSt-SSg-SSr 


AT 


K r 


II4- 

i--/ />/ 




Where 


Xij = value of ith genotype in jith replication, 

r = number of replications, and 
g = number of genotypes. 

Mean squares - Divide the sums of squares by the degrees of 
freedom on the same line in the ANOVA. 


a. MSR = SSR /(r-1). 


F: MSE is the divisor for all 
ratios 

a. Fr = MSRMSE. 


b. MST = SST /(p-U a. f r = MbK/MbJii 

c. MSE = SSE /(r 1) (p-1) b. Fr = MST/MSE 
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5. CV (coefficient of variation) : % CV = (MSE/^' Y) 100 

Significance Tests: Ft, with (p-1) and (r-l) (P-1) degree of 
freedom is a test statistic for the hypothesis that all treatment 
means are equal against the alternative that at least one mean 
ditfers from the ethers, in other words, Ft tests the significance of the 
differences among treatment means. If Fr is larger than the 1% F in 
the table, the difference are said to be highly significant (* *). If Ft is 
greater than the; 5% F but smaller than the 1 % F the difference are 
significant (*). I..' Ft is smaller than the 5 % F, the difference are not 
significant CNS/. Fr with (r=l) and (r-l) (p-1) df, is only an 
approximate test statistics for differences among blocks. If Fr is 
greater than the F in the F table, it is an indication that blocking 
has been effective in reducing experimental error. There is no 
appropriate error term in the ANOVA of an RED for testing the 
significance of block differences. Fr is not always computed because 
it is only approximate and, more to point, if blocking is done 
correctly, the differences among blocks are deliberately maximized. 
It seems pointless in this case to test the hypothesis that the 
differences among blocks are zero. 

Means and Standard Errors 


With the randomized block design, as with the CRD, the 
samnle means estimate the true means of the treatments. We have 



ju i = Yi = Ti/r, similarly, with this ANOVA, as in the ANOVA for the 
CRD, MSE = s^ is an estimate of the variance per plot (variation 
among plots treated alike). It is used in the computation of standard 
errors and in the construction of interval estimates. 

Sy = V2MS£/r 

Since, r is the same for all treatments, Sy is he same for ail. The 1-a ) 
100% confidence interval estimate of a treatment mean, L (//j), is 

L( //j) = (yj) ± tn ■JJ'MSEIr where t^ is the two-tailed, a-level t-with 
(r-l) (p-1) degree of freedom again, we are often more interested in 
the differences between means than in the means themselves. In 
this case the standard error of a difference. 

Sc/ = ^IMSEIr 

The (1-a) 100% confidence interval estimate, L (pj - pr)= (yi-yr) 
± t;, -JlMSEfr where, again, t^ is the two-tailed t with (r-l) (p-1) df. If 
we want to test the significance between two means, we can use t as 
a test statistic under certain restrictions, which we discuss later. We 
compute. 

yl2MSE/r 

If t (sample t with sign' ignored) is greater than the 1% t with 
(r-l) (p-1) degree of freedom the difference is said to be highly 
significant 0^ *). If it is less than the 1% t but greater than the 5% t. 
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the difference is significant (*), and if it is smaller it is smaller than 
the 5% t, the difference is not significant (NS). 

Estimation of Genetic Variability:- 

Following different parameters were used to estimate the 
genetic variability present among the 81-germplasm lines for 
periodic growth parameter, height (cm). 

Arithmetic Mean;- The arithmetic mean is defined as the sum of 
the values of individuals in the data divided by their number. It is 
computed as follows. X = (Zx)/N 

Where, X = Arithmetic mean, S = summation, x = an observation and 
N = number of observations in a sample. 

Standard Deviation It is the square root of variance and it is 
denoted by s or SD (in case of sample), or as a (in the case of 
population) following formula. SD=Vs2 

Variance;- It is expressed as the sum of squares of the deviations of 
all observations of a sample from its mean and divided by degrees of 
freedom (N-1). It is generally denoted by s^ or V for estimates from 
its samples, and by for those from populations. It is estimated by 
the following formula. 


Where, S, x, x^ and N = Summation, an observation, square of an 
observation, and number of observations respectively. 
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Standard Error:- It is a measure of the mean difference between 
sample estimate of mean (x ) aiid population parameter (p(, i.e., it is 
the measure of uncontrolled variation present in a sample. It is 
estimated by dividing the estimate of standard deviation by square- 
root of the number of observations in the sample, and is denoted by 
SE.Thus, SE = SD /VN 

Where, SD = standard deviation, and N = number of observations. 

Coefficient of Variance:- 

The ratio of standard deviation of a sample to its mean 
expressed in percentage is called coefficient of variation. Following 
formula was use d for computation of coefficient of variation. 
^ErrorVariance{MSe)x\QO 

cv = — — — — — 

G.M. 

Where, SD, general mean, MSe, G.M. are standard deviation, mean, 
error variance and grant mean respectively. 

Phenotypic, CJenotypic and Environmental Coefficients of 
Variation:- The coefficient of phenotypic, genotypic, and 
environmental variation were calculated as per the formula given by 
Burton and de-Vane (1953). 

Genotypic Variance (Vg) s MSt -MSe/r 
Environmental Variance (Ve) = Vg + Ve 
Phenotypic Coefficient of Variance (PC V) = "N/Vp/X x 100 
Genotypic Coefficient of Variance (GGV) = VVg/X x 100 
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Environmental Coefficient of Variance (ECV) = ’^e/X xlOO 


Where, MSt, MSe, X and r are mean square for the treatments, mean 
error variance, mean and number of replications, respectively. 
Estimates of Broad sense Heritability (h)^ - The ratio of genotypic 
variance to the phenotypic variance or the total variance is known as 
heritability (broad sense). Thus heritability is the heritable portion 
of phenotypic variance. According to Falconer (1996) It is a good 
index of the transmission ot characters from parents to their 
offspring. It is calculated f om total genetic variance, which consists 
of additive, dominance and epistatic variance. It is calculated with 
the help of following formula. 

(bs) = [VgA/’p] X 100 = [Vg/(Vg+Ve)]xl00 
Where h^ , Vg, Vp and Ve are heritability (bs) genotypic, phenotypic, 
and environmental variance respectively. 

Estimates of Genetic Advance:- Improvement in the mean 
genotypic value of selected plants over the parental population is 
known as genetic advance. It is the measure of genetic gain under 
selection. Geneti c advance was calculated by following formula. 

Gs = (K) (^Vp) (H) = (K) (Vg) /VVp 

Gs (% of mean) =-- (K) (Vg) x 100 /(^p x mean) 

Where Gs, K, H, Vg, and Vp are genetic advance, selection 
differential at 5% selection intensity (2.06), heritability (VgA^p), 
genotypic variar ce and phenotypic variance respectively. 


m 

m 


m 


m 
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Simple Correlation Coefficient:- Karl Pearson and Lee (1902) 
has developed s;uch a coefficient, which may measure the degree of 
relationship or association between two variables X and Y and is 
represented by the S 3 nnbol r. In term of variances of X and y used 
following formula, r = Cov. (XY)/Vax2 CTy2 
It is also written a - r = MSPt / VMStx. MSty) 

Where r, Cov. (XY), ax^, ay^ MSPt MStx and MSty are simple 
correlation coefficient, covariance (XY), variance x and variance y, 
mean sum of products of genotypes, mean sum of square of 
treatments for the variable x and mean sum of square of treatments 
for the variable y, respectively. 

Genotypic, Phenotypic and Environmental Correlation 
Coefficient:- The correlation coefficient at genotypic, phenotypic 
and environmental levels, which were calculated from the variance 
and covariance according to Johnson et aZ. (1956). 

Phenotypic Correlation Coefficient: - The association between 
two variable, which can be directly observed. It is worked out from 
phenotypic variances and co variance. It is computed using following 
formula. 

rp = PCOV^/x/(PV*,PVy) 

Where, rp, PCOVxy, PVx, and PVy are phenotypic correlation, 
phenotypic covariance of xy, phenotypic covariance of x and 
phenotypic covariance of y respectively. 








) 
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Genotypic Correlation Coefficient;* The inherent or heritable 
association between two variables is known as genotypic correlation. 
This type of correlation may be either due to pleiotropic 
action of genes or due to linkage or more likely both. It is calculated 
with the help of following formula. 
rg = GCOVx.v /V( GVx, GVy) • 

Where, rg, GCOVxy, GVx, and GVy are genotypic correlation, 
genot3pic covariance of xy, genotypic covariance of x and genotypic 
covariance of y respectively. 

Environmental Correlation Coefficient;- The association 
between two va;.*iables, which is entirely due to environmental effect. 
It is estimated firo error variances and co variances. It is calculated 
by following formula. 

re = ECOVxy/>/)EVx,EVy) 

Where, re, ECOVxy, EVx and EVy are genotypic correlation, genotypic 
covariance of xy, and genotypic covariance of y respectively. 
Phenotypic Stability Analysis;- 

Stability in performance is one of the most desirable properties 
of a genotype to be released as a variety for wide cultivation. A 
number of statistical methods are now available for estimation of 
phenotypic stability, for this purpose the multilocational trials over a 
number of years are conducted. Sometime the unilocational trials 
can also serve the purpose provided different environmental are 
created by planting experimental material at different level of 
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fertilizer, irrigation, sowing dates etc. The data thus, obtained are 
subjected to environment-wise analysis of variance followed by 
pooled analysis of the data. 

1. Finlay and Wilkinson Model (1963). In this method 
GxE interaction is partitioned in to two components: regression 
and deviation from regressions. The sums of squares for 
genotypes, environments, GxE interaction, blocks within 
environments and residual (error) can be obtained by a routine 
method using mean values averaged over blocks. The sums of 
squares due to regression can be calculated as: . 




SS regression 


i i i j 


-SS environments 


E Y I 

bi_- — . SS environments 

J u J 


Where = I, is the environmental index 


b is the regression v 


The environmental index 




"M 

r 






M 

' - 'I 

H 

W 

I 


I = mean of environment - overall mean 


't 




or I 


' U ^ J 


g ■ ge 
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The regression coefficient for each genotype can be calculated 
as: 

ZY 1 


Where, Zj Yij Ij is the sum of products of the mean (M) of that 
variety with its corresponding environmental index 



and jl] is the sum of squares of environmental index values 

and thus will be a common value for each regression coefficient 
the values of Zj Yij Ij can be obtained as 

[M] [Ijl = [S] 

where [M] is the matrix of genotypes means 

[I] is the vector for environmental index 
[S] is the scores of the sum of products 


Analysis of variance for GxE interaction as per Finlay and 
Wilkinson, 1963. 


Source of 
variation 

d.f. 

SS 

MSS 

Genotypes 

g-1 


Mg. 

Environments 

e-1 ■ 


Me 

GxE interaction 

{g-l)(e-l) 


Mg X e 

Regressions linear 

g-1 


■ 

Deviation from 
regressions 

(g-l)(e-2) ; ; ^ 

G X Ess - reg. SS 

Md. 

Replicates within 
environments 

e(r-l) : . ; 


!■ ■ 

; Residual 

e(g-l) (r-l) 


■ . 
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In this model the mean yield (y) of all the genotypes 

for each environment i.e. Li, L2, L3 Ln, allotted a 

quantitative grading of the environments, than the linear 
regression of the mean values for environments was estimated 
thus : 

Yi -Z (1- a) hbi -l)2S2j (1- 1/q)]'^ 

I These values are similar to those of Eberhart and Russell residual 

i ' • 

mean sum of squares i.e. Yi-Z(l-a)[(bi-l)2S2j (l-l/q)+Si2]''"'* 

Where 

i ' ^=E(Yj-Y)2 

I ■ ■ . : , 

I 2 . Eberhart and Russel model (1966) - Although the pooled 

' ■ . ■ ' ' ■ ■ . . ; ' ' ■ ' ■ . ' ' ■ ’ ' ■ 

■ ' -L. 

f analysis of variance provides the useful estimate, yet the 

" '' ' ' ' ■ , ■ ■ ■ ' ' 

V information abcnt adaptation of individual genotypes could not be 

available from the conventional method. Hence, the method 
suggested by I'inlay and Wilkinson (1963), which was later on 

I modified by Eberhart and Russel: (1966) and was also applied in this 

investigation in order to obtain the estimate of various stability 
parameters for each genotypes under consideration. The stability 
analysis technique partitions the genotype X environment 
interaction comjDonents of variance of each genotype into two parts. 
Therefore, each genotype is characterized by three parameters viz.; 
(A) mean yield (x) over all environments, (B) a linear regression 


I 
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coefficient (bi) in relation to environment index and (C) the deviation 
from linear regression (Sj ). 

Since, the average slope for the environmental index is 1.0, 
regression coefficient for each genotype may be 1.0 or greater or 
lesser than one. The genotype with regression value of 1.0 is 
considered to have an average adaptability, where as the value less 
than 1.0 or higher than 1.0 would mean below average and above 
average adaptability respectively. 

Another stability parameter (Sj^=0) is considered to be stable as 

suggested by Singh and Chaudhary (1985). 

The statistical procedures adopted for the adaptability and 
stability analysis (Tf .ble 1.6) of the genotypes were those proposed by 
Eberhart and Russel (1966). As described by Eberhart and Russel’ 

( 1966), the behavior of the cultivars was assessed by the model 

Vij = m + |3i\j + ij frij, 


Where Yij = observation of the i-th (i = 1, 2, .., g) cultivar in the j-th (j 
= 1, 2, . n) environment, m = general mean, pi = regression 

coefficient, I = environmental index obtained by the difference 
among the mean of each environment and the general mean (Sij = 0), 
6ij = the regression deviation of the i=th cultivar in the j-th 
environment and Cij = effect of the mean experimental error. 
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Source of variati on Degree of Sum of square Expectation of 

freedom mean square 


Genotype 


Environ.H- 

Genotypes 

Environ.) 


Environment 

(Linear) 


s-1 


s(t-l) 


t ts 

zs>v’-^r 


‘ i 


! \ 
,J 


1 


MSi 


GXE (Linear) s-1 


I 

i 


( \ 
Um 

J L 


in 

j 


I \ 

ZY.jU 

LL , 


in 


MS2 


Pooled deviations s(t-2) 




< j 


MSs 


Genotype- 1 (t-2) 


f N 


lYl 

I J 


(>>.f 


Wj 

j 


Genotype- 1 (t-2) 


do 


Genotjpe-l (t-2) 




m J 

J 


Pooled error t(r-l) (s-1) 


MS4 


Total 
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Estimation of Stability Parameters; - The regression coefficient (bi) 
and mean square deviation from the linear regression were 
estimated as follows : 


Varieties 


6 , In', Inn 


T ! =CT,;— fcZ)' ; 

La. ^0 ' * V 7 




Where, [Zy 1 = Variance due to regression, 

Se = the estimate of pooled error, 

e = Number of environments, 

g = Number of genotypes 

r = Number of replications. 

Computation of Regression Coefficient (bi) The regression 
coefficient, which is the regression of the performance of each 
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genotype under different environment on the environmental means, 
was estimated as follow : 




bi = SiYijIi/IjIj2 

Where, 

Yijij = sum of products of environmental index (Ij) with 
corresponding mean of that genotype in each environment (Yy). 

Sjlj^ = sum of squares of the environmental index (Ij) 

a) for each value of regression coefficient Ij is commond and equal to 

Silj2 = Ii2 + F + ---+ F + Ig2 

b) On the other hand, Yylj for each genotype is the sum of products 
of environmental index (li) with the corresponding mean of that 
genotype in each environment. These values may be obtained in 
the following manner. 

[X] X [Id = [SiYijIj] = [S] 

Where, 

[X] = matrix of mean 

[Ij] = vector of environmental products i.e., Yijij 

Tests of significance - The following tests of significance were 
carried out : 

i ) To test the significance of differences among genotypes mean, 
Ho = pi = P2 = Pg 
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MS P Deviation MSs 

ii) To test that the genotypes did not differ due to regression 
on envir onmental index i.e., 

Ho = hi = b 2 = — = bg 


MSg P Deviation MS2 


The 'F' test used was 


' P Deviation 


MSa 


ii) Individual deviation from linear regression was tested as 
follows : 

F= [IjSij2/e-2]/pooled error - 1 value at 5% level 
P= 0.05at(g-2)df. 

iii) The hypothesis that any regression coefficient did not differ 
from unity or from zero was tested by the appropriate 't' 
test i.e. For t = 1-b/Se (b) 

Stable Genotype - A genotype with unit regression coefficient 
(bi = 1 ) and the deviation not significantly differing from zero 
( Sj, = 0) was taken to be stable genotype with unit response. 


A/TO 61-0 

MS=— — X, 


GrandTotal 




3 Perkins and Jinks model (1968a) - The mean values 
recorded for 10 characters in respect of 25 genotypes in 24 
environments as well as pool id over the environments were used for 


43 



stability analysis following Perkins and Jinks (1968a) model which 
is a combined statistical and genetical approach. The biometrical 
genetic model is given as under : ■ 

Yij = m + dj + Cj + gij + eij 

Where, 

Yij = variety mean of variety in the j* environment, 

m = grand mean over all the genotypes and environment 

di = additive genetic effect 

Cj = additive environmental effect gij = G x E interaction 

effect 

Cij = residual error variation of i‘^ variety in environment 

All these effects are assumed to be fixed. The parameters are 
said to be genetic in nature. Different components may be computed 
as under: 


m = 

y /st 

di = 

(Y.j/t) -m ... . 

Oj = ' 

(Y.j/t)-m 

Where, S = 

the total number of environments 

? • ‘ t 

the total number of genotypes. 

It is known that 

(a X E interaction of any variety is a linear function 


of environmental value, that is,’ gij - biei + 5 
So, the model becDmes Yij=m+di+(l + bi)ej+J^+ei. 
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Where, 


For each variety, the regression S.S. is obtained as: 

+ =^. deviation from regression S.S. = Ejly^ 

each mean square can be compared with the a^e, the error mean 
square, but in order to show that regression mean square accounts 
for a significantly larger portion of the total variation, it should be 
compared with : S/v®; /, , vi'V" 2 

For the regression mean square, it is apparent that we are 
testing the hypothesis that a significant portion of the variation of 
the variety over environments is accounted for by fitting the 
regression slope of (1+bi). This, however, accounts both for additive 
environmental variation and that part of the G x E interaction 
variation which is a li .iear function of the environmental values. The 
significance of bi was, therefore, tested as the difference between 
(1+bj) and one he bi values for the different lines were compared by 

a joint regression analysis based on the comparison (l+bj) 

values which gives: li (reg. S.S.) = (l+bi)2 Siej^ and since Ebi = 0, this 
becomes = t liej^ + IjbjS Eiej^. The joint regression S.S. is t Eie^j and 
equals in this analysis to the environmental S.S; The heterogeneity 
regressions S.S. is Eibj^ Eiej^. The expectations of mean 
squares are the joint regression analyses are sown in Table 3.8 and 
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r, s and t indicates number of replications, environments and 
genotypes, respectively. 

Test of significance : 

(a) The mean squares:- Mean squares due to genotypes, 
environments, G x E interaction, heterogeneity between' 
regression aid remainder were tested against pooled error, if 
remainder is significant then mean squares due to genotypes, 
environments, G x E interaction and heterogeneity between 
regression were tested against remainder mean square. 

(b) Stability parameters: - The stability parameters of genot 3 rpes of 
the evaluated characters were based on the mathematical model 
of Perkins and Jinks (1968a). Test of significance for stability 
parameters, regression coefficient (bi) and deviation from 
regression is given as follows: 

(i) Testing of regression coefficient (bi) -For testing of 

b 

individual bi value 't' test was used as : t = —j— at (t-2) 

se{b,) 

degree of freedom 

Where, SE (bi) = 



Ij Environmental index — It was obtained as the mean of 
all the genotypes at environment (site mean) minus 

grand mean, i.e., = y. /t-y.../st 


Testing of deviation from regression (S — Significance of 
individual S } , was tested by 'F test 


Where, F = [Sj5V(s-2)]/ Pooled error d.f.62e at (s-2) and s 
(t-l)(r-l). 


Table 3.8 ; Analysis of variance for joint regression model of 
Perkins and Jinks (1968a) 


Source of 
variation 


Expectation 
of mean 


Genotypes 


tEj(dj)2/(s-l) 


SjYs/s-YVst 


regression 


SYVt+YVst 


SjXSjYij (Y.j/ t-Y../st)2 
SjI2j - Env. S.S. 


Si(bi)2Ej(ei)2/(t 


Heterogeneity (t-1) 
between 


Ei[ZjIij2]/(t-l) 

(s-2) 


By subtracting 
heterogeneity S.S. 
from line x env. S.S 


Remainder 



4. Freeman and Perkins Model (1971) - The mean values 
recorded for 10 characters in respect of 25 genotypes in 24 
environments as well as pooled over the environments were used for 
stability analysis following Freeman and Perkins (1971) model 
which is a combined statistical and genetically approach. The 
biometrical genetic model is given as under : 




Yijk = m + di + Cj 4- gij + eijk 
Where, m = genctral mean 
di = additive genetic effect of genotypes, 
ej = additive (jnvironmental effect, 
gij = Genotypes - environment interaction effect, and 

eijk = the error associated with kth observation. 

A. Estimation of environmental index = considering two 
replication s, there can be three different ways to estimate li or 
Zj and to perform the analysis: 

1 The values of replication two are used for measuring Zi and 

those of replication one and two for variety mean. 


2. Replication two for Zi and replications one for 
varieties, 

3. Replication one for Zi and replication two for mean. 


mean of 


48 


To disting the Ij values estimated in other two models from its value 
in this model, another symbol Zi was used Zj = Yj - Y 


Where, y.. 


environment 




, Y.j = the total overall the varieties under 


Estimation of bi values : Regression coefficient is defined as the 
regression of mean performance (yy) on the environmental index (Zj). 


SZy, Z, 


/, =:J_L__ with k = 1, it become 

T.zz- : 




,ZZ„Z, is obtained by 


EZf ’7 ^ 



multiplying each varietal mean at jth location with its respective 
environmental index and the .1 summing over all the locations. 


Iy„Z,, 

/, - the different regression coefficients may be obtained in 

' ZZ' 


following way. 

The number of' replications needs to be kept in mind. As 
T V Z 

^ = 7i7_ Yias been calculated from one replication, Hence 
" ZZ, 


Z.v,7 

"Tz^ 


D. Analysis of \ariance ; Variance due to environment is divided 
into combined reip*ession and environmental residual (Table 3.9). If 


the former is significant in comparison to the latter, that gives the 
true, measure of environments. Variance due to genotype x 
environment interaction is also divided into two parts (i) 
Heterogeneity of regression and (ii) residual. 

'F' test ; If environment the index (1) sum of square is significant, 
environment index is adequately the index of additive environmental 
effect. If P is not significantly different from unity, then independent 
environmental ■'’’alues adequately estimate additive environment 
component and t he Freeman and Perkins' model reduces to Perkins 
and Jinks' model . Following tests of significance are performed ; 

A Heterogeneity of regression is against residual sum of 
square (2). 

B. Residual interaction (G x E) sum of square against error 
sum of square. 



C. Environmental (residual) sum of square against error sum 
of square. 

D. Environment (combined) sum of square against 
environmental (residual) sum of square (1). 


Calculation of slandered deviation : 

A. Calculation of cr^,- which is sum of square due to ith variety. 



Where, Y'. is number of environment of jth environment and 
Y : is the sum of all the environment of ith variety. 


B. Calculation of 5 ./ 


— . ■> i—* 


■Sd = 


Id',; ,,2 

- — from (Table 3.10) 


Where, = 0 -; -hTy^^z and i-,* is error mean square as value 
I .v. r calculated above in (2b) are based on sums over replications. 




I instead of means, hence divide these value by number of replications 

' i.e. 1 is the present case. 


Table 3.9 Analysis of variance of multi-environment data based on 










j Residual (1) 

1 

(s-2) 


[Z/; r’..] 

1 


1 ' 

1 Genotypes x 

! invironments 

! 

(g-1) 

(s-1) 

z>;“- Z*-/- ■ 

r rs rg rsg 

■ 


I Heterogeneity 

: of regression 

(g-1) 

! ■' ' 

/ V 

Zli-Z, 

v j y 

'■z^; 

j 

\ 1 J 

rsY.2] 

) 

1 ' , 

Residual (2) 

(g-1) 

(s-2) 

. 

[z,*-; >■>,.] 

^ rg rsg ^ 

/ J 


Pooled Error 

■ ■ ■ ' i 

: 1 

gs 

(r-1) 

ZZ>:/ 

ZZZJ-i-^ 



STATISTICAL ANALYSIS : 


The data obtained from the selected plants were subjected 
to following statistical and biometrical analysis. 

1. Mean 

The sum of the observation 'divided by the number of 
observations the resulting figure is called as mean. Thus for 

52 




HHk| 




each character, data recorded from the 5 selected plants were 
averaged, according to the following formulae. 

ZX 


Mean (X) 


Where, 


SX = Sum of variables 

N = Total number of observations 


2 . Analysis of variance : 


The procedure for analysis of variance of each character 
randomized block design described as under. 


Step - I 


The data were arranged according to the following table for 
each character and treatment/variety totals (T), replication totals 
(R), grand totals (GT) and general means were calculated. 


Treatment 

Re 

plications 

Total 

Mean 


R-I 

R-Il 

R-III 



, 1 

Xl X 

Xi 2 ' 

Xl 3 

Ti 

Ml 

2 

X. 1 

X22 

X23 

T2 

M2 

,3 

; 1 

X3 1 

f ■ 

X32 

.. I ' , , 

X33 

t ■ : ■ 

I 

T3 

f 

I 

M3 

» 

■ 1 ■ . 

L'' ^ 

26 

f 

1 

X26.I 

I 

1 

X 262 

1 :■ 

■ ' r. 

X26.3 

1 . ■"/ 

" r ■■■ ' ■ 

T26 

:i „ 

, 1 . 

M26 

Total 

“ Ri 

Ri 

Ri 

G.T. 

G.M. 


1 




step - II 



Calculation of sum of square 


The sum of square were obtained as follows 


1. Correction factor (C.F.) 


2. Total sum of square (T.S.S.) = (X^i.i 


3. Sum of square due to replication 


Number of treatment 


4. Sum of square due to treatment 


Number of treatment 


5. Sum of sqiiare due to error 


Total sum of square - (Replication sum of squares + 

Treatment sum of square) 


The sum of squares are them tabulated in the ANOVA 
table, to test the significance between treatments which is as 
given below : 


Rep. 

Treat 

Error 


Total 


Source 

of 

d.f. 

S.S. . 

M.S.S. 

Variance 

ratio 

F value 

6% ^ 1% 

variance 
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If the calculated value of variance ratio of greater than 
the F table value at 5% and 1% level of significance for the 
treatment degrees of freedom (25) and error degrees of freedom 
(50), the varietal differences are considered to be significant. 

3. Component of variances 



These were calculated by the formulae suggested by 
Burton (1952). 

T) Phenotypic variances = ph = o^g + a‘^e 


Error variance 


Genotypic variance 


(ii) Genotypic variances (o^ g) 


Where 


Treatment mean sum of squares 


Error mean sum of squares 


Number of replications 


4. COEFFICIENT OF VARIABILITY 

These were calculated by formula suggested by Burton 


(1952). 

(i) Phenotypic coefficient of variability (PCV) 
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Genotypic coefficient of variability (GCV) 


pH and g are phenotypic and genotypic variances 


respectively 


General mean of the characters 


5. ANALYSIS OF CO-VARIANCE 


The method used to the analysis of covariance is stated as 


under 


(i) Calculation of different sum of products 


1 . Correction Factor 


2 . Total sum of products (TSP) = Xi.i...Yi.i + X1.2 Y1.2 + 

+ X26.3 Y26.3 = Xij Yij 


3 . Replication sum of products (RSP) - 

(Rix Riy + R2X + R3X Ray) 



4. Treatment sum of products (Tr.S.P.) 

(Tix Tiy + T2 x + T2y + T26X T26y) 


5 . Error S.P. = Total S.P. - (Replication S.P. + 
Treatrnent S.P.) - 

On the basis of above calculation, the calculated value are 
arranged in AN COVA table, which is mentioned below - 


ANCOVA 


Replication 

Treatment 


MSP(R) 

MSP(T) Spt/spe 
MSP(E) 


Total 


6. ANALYSIS OF CORRELATION COEFFICIENTS 


Correlation coefficient is the mutual association between 


variables without employing any cause and effect relationship. 
The correlation coefficient between depended and independent 
variables are calculated with the help of following formula. 


1 . Correction Factor 


Where ax and ay are standard deviation of x and y 


variables or 


Source of 

d.f. 

S.S. 

M.S.S. 

Variance 

variance 




ratio 
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Where cr^ x and 


(i) Genotypic correlation coefficient 


Genotypic correlation coefficient was calculated by the 
formula suggested by Robinson et ah, (1951) as under - 


Genotypic covariance (xy) 


Genotypic corrilation (rg) 


Where 


(i) G.V. for X = genotypic variance for X 


(ii) G.V. for Y = genotypic variance for Y 


X and Y are two variables 


M.S.P. treatment XY-MSP error XY 


(a) Genotypic covariance 


Number of replications 


M.S.S. treatment X-MSS error X 


(b) Genotypic covariance (X) 


Number of replications 


M.S.S. treatment Y-MSS error Y 


(c) Genotypic variance (Y) 


Number of replications 


1 
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(ii) Phenotypic correlation coefficient. 

The phenotypic correlation coefficient was calculated by 




the formula suggested by Robinson et al. (1961) 



Phenotypic covariance (XY) 

Phenotypic correlation coefficient (rph) = ^ — - 

Ph. V. (X). Ph. V. (Y). 

Where, ' 

Ph. V. for X = Phenotypic variance for X 
Ph. V. for Y = Phenotypic variance for Y 
X and Y are two variance 

Phenotypic covariance=genotypic covariance + error covariance 

= a2 g (Y) + (Y) 

(iii) Test of significance of genotypic and phenotypic 
correlation coefficient. 

To test the correlation coefficient we follow formula as 

suggested by Fisher & Yates (1938) is as under - 

r ('Jn-2) 

t- — at n -2 treatment d.f. 

Vl-r2 

Where, 

r = Correlation coefficient 
n = number of treatments 

These are tested with the table value of correlation 
coefficient as suggested by Fisher and Yates (1938) at (n-2) 
treatment degree of freedom'5%, 1% level of significance. It the 
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calculated value of correlation coefficient is greater than the 

table value, it is considered to be significance. 


7. PATH COEFFICIENT ANALYSIS 


The original concept of path coefficient was proposed by 
Wright (1921) and later elaborated by Wright (1934). If the 
cause and effeci; of relationship is well defined, it is possible to 
represent whole system of variables in the form of diagram 
known as path diagram. The path coefficient analysis is the 
simply standardized partial regression coefficient which splits 
the correlation coefficients into the measures of direct and 


indirect effects of a set of independent variables on dependent 


variables 


The path analysis unravels whether the association of 
these characters with yield is due to their direct effect on yield 


or is a consequence of their indirect effect via some other traits 


Path analysis is worked out by using the estimates of 
correlation coefficients, all possible correlations among the 
dependent and independent should be worked out. Path 
analysis taken into three steps. 


Calculation of direct effects 
Calculation of indirect effects 
Calculation of residual effects 
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1. Calculation of direct effects 


To estimate the direct effect of different component traits 
simultaneous equations are developed and path coefficient for 
direct effect can be obtainc d by solving these equations. 


represents correlations between one component 


character and yield 


Piy = represent the path coefficient between character and yield 


Piy = repiesents correlation coefficient of character to 


character 


Above formulated simultaneous equation can be 


presented in the matrix form, which is as follows 


Tiy 


r^y 


f 

f 

1 

M ■/ 

^ny 

i ■ " 

nxl 





f 

X 

■ 

nxn 

»: . 

^ny 




Where 


correlation of each component characters to 


Direct effect of 1®^ character on yield and so on 


When the B matrix is inverted (B'^) then the path 


coefficient Pij were obtained as follows 


Where 


number of row 


number of column 


ii. Calculation of indirect effects 


The indirect effect can be calculated by multiplying the 
values of direct path coefficients to the correlation coefficients 
of respective rows and column. 


Indirect effect 


Direc t effect of f ^ character to yield 


iii. Galculation of residual effects. 


The residual effect can be calculated by the following formula:. 
Residual effect = 1 - R2 
Where, 

R'-^ = PlY. riy + P 2 y r 2y + Pny tuy 

8. ESTIMATION OF HERTIABILITY AND GENETIC ADVANCE 
Heritability 

Heritability in broad sense, is the ratio of genotypic variance 

to the phenotypic variance. It is calculated by using the formula 

suggested by Burton and Devane (1953). 

a2 g o2 g 

h2 = . ^ 

(j2 g + <j2g ph 

Where, 

g = Genotypic variance 
a‘^e = Environmental variance or error 
ph = Phenotypic variance 
Genetic advance. 

Expected genetic advance is estimated by using the 
method suggested by Allard., (1960) 



cr2 g 

G.A. = .Kaph 

ph 

= h2 . K. aph. 

Where, 

K = Selection differential at 5% selection intensity (i.e. 

2.06) 

Genetic advanc(j as per cent of mean (G.A.%)- 
Genetic advance 

G.A. (%) = — X 100 

X 



^ ^ ^ 











Chapter-IV 


EXPERIMENTAL FINDINGS 


CORRELATION COEFFICIENT ANALYSIS 


The correlation coefficients were estimated for all the 


characters under study with seed yield and among the 
characters themselves both genotypic and phenotypic levels. 
The calculated values at both, genotypic and phenotypic levels 
have been presented in Table 7. 


(A) Association of different characters with seed yield 


The results indicated that seed yield per plant was found 
to be highly significant and positively correlated at both 
genotypic and phenotypic levels: with number of primary 
branches, (rg = 0.843, rph = 0.549), number of secondary 
branches (rg = 0.290, rph = 0.263), 1000-seed weight (rg = 
0.398, rph = 0.364), oil per cent (rg = 0.416, rph = 0.280). 


Seed yield per plant showed positive but non significant 
association with plant height (rg = 0.255, rph = 0.143), length 
of main raceme (rg = 0.106, rph = 0.107) both at genotypic and 
phenotypic levels. 


Seed yield per plant showed negative but non significant 
correlation with days to 50 per cent flowering (rg = -0.193, rph 





= 0.158), reproductive phase (r = -0.087, rph = -0.061) both at 
genotypic and phenotypic levels. 


Seed yield per plant showed negative and. significant 
correlation witli days to maturity (r = -0.360, rph = -0.263) 
both at genotypic and phenotypic levels. 


(B) Association among yield contributing characters 


The association of plant height with length of main 
raceme (rg = be. 634, rph = 0.621) was found to positive and 
significant both at genotypic and phenotypic level. The 
association of plant height with number of primary branches 
(rg = 0.251, rph = 0.196). was found positive and significant at 
genotypic level only. ■ 


The association of plant height with number of secondary 
branches (rg = 0.134, rph - 0.104) No. of siliquae on main 
raceme (rg = 0.157, rph = 0.115), 1000-seed weight (I'S = 0.161, 
rph = 0.126) and yield per plant (rg = 0.155, rph = 0.143) were 

found to be positive but non significant. 


The association of plant height with days to 50 per cent 
flowering (rg = -0.224, rph =- 0.179) and oil per cent = - 
0.231, rph = -0.132 ) were found to be negative and significant 

at genotypic level only. 


The assoc iation of plant height with days to maturity (rg 
= 0.045, rph ” -0.034) was found to be negative and non 
significant both at genotypic and phenotypic level. Length of 
main raceme with number' of primary branches (rg = 0.041, rph 
= 0.060), number of secondary branches (rg = 0.157, rph = 
0.123), 1000-seed weight (rg = 0.164, rph = 0.128) and yield per 
plant (rg = 0.106, rph = 0.107) were found to be positive and 
non significant both at genotypic and phenotypic level. 

Length of main raceme with No. of siliquae on main 
raceme (rg = 0.229, rph = 0.190) was found to be positive and 
significant at genotypic level only. 

Length of main raceme with days to 50 per cent flowering 
(rg = -0.284, rph = -0.216), oil per cent (rg = -0.289, rph = - 
0.183) were found to be negative and significant at genotypic 
level only. • 

Length of main raceme with days to maturity (rg = -0.075, 
rph = -0.021) was found to be negative and non-significant. 

Number of primary branches with number of secondary 
branches (rg = -0.025, rph = 0.050) was found to be negative 
and non-significant at genotypic level while positive and non- 
significant at phenotypic level. 


Number cif primary branches with days to 50 per cent 
flowering (rg = 0.001, rph = -0.058) was found to be positive 
and non-significant at genotypic level while negative and non- 
significant at plienotypic level. 

Number o" primary branches with No. of siliquae on main 
raceme (rg = -i).190, rph = -0.034), days to maturity (rg = - 
0.197, rph = -0.092) were found to be negative and non- 
significant both at genotypic and phenotypic levels. 

Number of primary branches with 1000-seed weight (rg 
= 0.033, rph = 0,004), oil per cent (rg = 0.153, rph = 0.167) were 
found to be positive and non-significant both at genotypic and 
phenotypic levels. 

The association of number of primary branches with 
seed yield (rg = 0.843, rph = 0.549) was found to be positive and 
significant both at genotypic and phenotypic levels. 

Number of secondary branches with days to 50 per cent 
flowering (rg = -0. 417, rph = -0.309) was found to be negative 
and significant both at genotypic and phenotypic levels. 

Number of secondary branches with siliquae on main 
raceme (rg = 0.141, rph = 0.060), 1000-seed weight (rg = 0.003, 
rph . 0.014) wore found to be positive and non-significant both 
at genotypic and phenotypic levels. 
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Number of secondary branches with days to maturity (rg 
= 0.178, rph = -0.143) was found to be negative and non- 

significant both at genotypic and phenotypic levels. 

Number of secondary branches with oil per cent (rg = 
0.502, rph = 0.313) seed yield (rg = 0.290, rph = 0.263) were 
found to be positive and significant both genotypic and 
phenotypic levels. 

Days to 50 per cent flowering with No. of siliquae on main 
raceme (rg = 0.547, rph = -0.464) was found to be negative and 
significant both at genotypic and phenotypic levels. 

Days to 50 per cent flov/ering with days to maturity (rg = 
0.37.5, rph = 0.344) was found to be positive and significant 
both at genotypic and phenotypic levels. 

Days to 50 per cent flowering with 1000-seed weight 
(rg = 0.041, rph = -0.003) was found to be positive and non- 
significant at genotypic level while negative and non- 
significant at phenotypic level. 

Days to 50 per cent flowering with oil per cent (rg = - 
0.230, rph = -0.156) was found to be negative and significant 'at 
genotypic level while negative and non-significant at 
phenotypic levels. 
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Days to 50 per cent flowering with seed yield (rg = -0.193. 
rph = -0.158) was found to be negative and non-significant both 
at genotypic and phenotypic levels. 

Number of siliquae on main raceme with days to maturity 
(rg = 0.544, rph = 0.644) was found to be positive and 
significant both at genotypic and phenotypic levels. 

Number of siliquae on main raceme with 1000-seed 
weight (rg = -0.475. rph = 0.339) was found to be negative and 
significant both at genotypic and phenotypic levels. 

Number of siliquae on main raceme with oil per cent (rg = 
0.050, rph = -0.028) was found to be positive and non- 
significant at genotypic level while negative and non- 
significant at phenotypic levels. 

Number of siliquae on main raceme with seed yield per 
plant (rg = -0.087, rph = -0.061) was found to be negative and 
non-significant both at gen itypic and phenotypic levels. 

Days to maturity with test weight (rg = -0.575, rph = - 
0.442) and seed yield per plant (rg = -0.360, rph = -0.263) were 
found to be negative and significant both at genotypic and 
phenotypic levels. 

Days to maturity with oil per cent (rg = -0.212, rph = - 
0.168) was found to be negative and non-significant both at 
genotypic and phenotypic levels. 



1000-seed weight with oil per cent (rg = 0.254, rph = 
0.17'1) was found to be positive and significant at genotypic 
level while positive and non-significant at phenotypic level. 

1000-seed weight with seed yield per plant (rg = 0.398, 
rph = 0.364) was found to be positive and significant both at 
genotypic and phenotypic level. 

Oil per cent with seed yield per plant (rg = 0.416, rph = 

0. 280) was found to be positive and significant both at 
genotypic and phenotypic levels. 

PATH COEFFICIENT ANALYSIS; 

The genotypic correlations of different characters with 
seed yield wer<j further partitioned into direct and indirect 
effects which have been presented in the Table 8. The results 
thus obtained have been given below. 

1. Plant height Vs seed yield per plant: 

The genotypic association of plant height with seed yield was 
found to be 0.155, by partitioning of the above genotypic 
correlation. It was observed that plant height had negative direct 
effect (-0.347) on seed yield. Length of main raceme (-0.211), days 
to 50 per cent flowering (-0.473) had negative indirect effect on 
seed yield. Whereas, number of primary (0.290) branches, number 
of secondary (0.114) branches, number of siliquae on mam 
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raceme (0.437), days to maturity (0.094), 1000-seed weight 
(0.107). oil per cent (0.144) had positive indirect effect on seed 
yield. 

2. Length of main raceme Vs seed yield: 

Character, length of main raceme had negative direct 
effect (-0.333) on seed yield. Character. Showing negative 
indirect effect via plant neight ( -0.220) , days to 50 per cent 
flowering ( -0.602) . Whereas, number of primary branches 
(0.048) , number of secondary branches (0.134), number of 
siliquae on main raceme (0.635), days to maturity (0.155), 
1000-seed weight (0.109) oil per cent (0-181) had positive 
indirect effect. 

3. Number to pirimary branches Vs seed yield; 

Number of primary branches had positive direct effect 
(1.156) on seed yield. The positive indirect effect were shown by 
days to 50 per cent flowering (0.002) , days to maturity ( 0.409), 
1000-seed weight (0.022). The negative indirect effect were 
shown by plant height (-0.087), length of main raceme (-0.014) , 
number of secondary branches ( -0.021 ), number of siliquae on 
main raceme (-0.529) and oil per cent (-0.095).^^^ ^^^^^^^^^ ^^ ^^^^^^ 

4. Number of secondary branches Vs seed yield; 

of secondary branches had positive direct effect 
(0.851). The positive indirect effect were noted in number of 
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siliquae on main raceme (0.392), days to maturity (0.369), lOOo- 
seed weight (0.002). Whereas, the negative indirect effect were 
shown by plant height (-0.046), length of main raceme (-0.052) , 
number of primary branches ( -0.029) , days to 50 per cent 
flowering ( -0.883)and oil per cent (-0.313.). 

5. Days to 50 per cent flowering Vs seed yield: 

Days to 50 per cent flowering had positive direct effect 
(2.117) on seed yield. The positive indirect effects were shown 
by plant height (0.076), length of main raceme (0.095), number 
of primary branches (0.001). 1000-seed weight (0.028) and oil 
per cent (0.144). 

The negative indirect effect were shown by number of 
secondary branches (-O.OoS), number of siliquae on main 
raceme (-1^521) and days to maturity (-0.779). 

6. Number of siliquae on main raceme Vs seed yield: 

Number of siliquae on main raceme had highest positive 
direct effect (2.779) on seed yield. The positive indirect effect 
were shown by number of secondary branches (0.120). The 
negative indirect effects were shown by plant height (-0.055), 
length of main raceme (-0.076) number of primary branches (- 
0.220), days to 50 per cent flowering (-1.159) , days to maturity 
( 1.128), 1000-seed weight (-0.316) and oil per cent (-0.031). 


7. Days to maturity Vs seed yield: 

Character days to maturity had maximum negative direct 
effect (-2.075) on seed yield. The negative indirect effects were 
shown by number of primary branches (-0.228), number of 
secondary branches (-0.151) and 1000-seed weight (-0.383). The 
positive indirect effects were shown by plant height (0.016), 
length of main raceme (0.025), days to 50 per cent flowering 
(0.794), number of siliquae on main raceme (1. 511) and oil per 
cent ( 0.133). 

8. 1000-seed weight Vs seed Yield: 

1000-seed weight h id positive direct effect (0.666) on seed 
yield. The positive , indirect effect were shown by number of 
primary branches (0.038), number of secondary branches 
( 0 " 0003 ), days to 50 per cent flowering (0.088) and days to 
maturity (1.193). The negative indirect effect were shown by 
plant height (-0.056), length of main raceme (-0.055), number of 
siliquae on main raceme (-1. 320) and oil per cent (-0.159). 

9. Oil per cent Vs seed Yield: 

Oil per cent had negative direct effect (-0.625) on seed 
yield.. The negative indirect effect was shown by days to 50 per 
cent flowering (-0.488) only whereas, the positive indirect 
effects were noted in plant height (0.080), number of primary 
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branches (0.177), number of secondary branches (0.427) length 
of main raceme (0.096), number of siliquae on main raceme 


(0.139), days to maturity. (0.440) and 1000-seed weight (0.169) 


Heritability and Genetic Advance 


The heritability estimates of the character give the 
knowledge about their heritable nature and extent of 
environmental influences on their expression, while genetic 
advance reveals the expected genetic gain during selection. The 
heritability in broad sense and genetic advance in per cent of 
mean of different characters have been worked out in present 
investigation. The results are presented in Table 9. 


High values of heritability were observed for seed yield 
per plant (95.3%), plant height (90.3%), length of main raceme 
(88.3% ) and 1000-seed weight (80.7%). 


Medium values of heritability were recorded for days to 
50 per cent flowering (76.9%), number of secondary branches 
(74.8%), days to maturity (61.2%), secondary branches (58.9%) 
while oil per cent (44.4%) and number of primary branches 
(36.3%) showed low estimates of heritability. 


The high values of genetic advance in per cent ot mean 
recorded for seed yield per plant (76.38), 1000-seed weight 
7) number of secordary branches (32.34) length of mam 


The medium values of genetic advance in per cent of mean 
were recorded for days to 50 per cent flowering (17,57), plant 
height (15.79; and number of primary branches (15.68). 

The low values of genetic advance in per cent of mean 
recorded for secondary branches (7.80), days to maturity (5.65) 
and oil per cent (4.32). 

Stability Analysis: 

The analysis of variance for stability parameters on the 
basis of perfo rmance of different test genotypes in 24 varying 
environments for all the ten characters using four methods are 
presented in table numbers 2 to 6 which revealed that there 
were significant differences among the genotypes over 
environments for all the traits studied. It is also apparent that 
the mean performances of the genotypes were also highly 
variable under different environments. More over the 
interaction of genotypes x environment were also significant for 
all the traits. It directs that the performance genotypes varied 
from environment to environmental therefore, it is imperative 
to select the stable genotypes as per environmental situations. 
The mean squares were also significant against reminder for all 
the traits except oil content considering the ANOVA of freeman 
and Perkins the environment, combined regression and GxE 
were also highly significant for all the traits tested against 
error for the character concern. 



Further partitioning of GxE interactions in " to 
heterogeneity between regression and remainder showed that 
mean squares due to these components were significant for all 
the traits. This indicated the prepotency of linear component in 
these traits and hence, prediction appeared possible. 


Nevertheless, these traits had both linear and non-linear 


components of GxE interactions. However, non-linear 
component was higher than linear component for all the traits 
except number of primary branches per plant indicating that 
prediction could not be made easily for these traits. However, it 
could done by considering individual genotypes. Similarly, 
highly significant values of pooled deviations suggested that the 
genotypes differed considerably with respect to their stability 
for the traits under study. 


genotype in to two parts; tnereiore, eacn wm uc 

characterized by three parameters i.e. mean of the genotype 
over all environments (x), linear regression coefficient in 
relation to environmental index (bi) and deviation from linear 
regression (S=^di). Since the average slape of the environmental 
index is one, regression coefficient for each genotypes may be 
one (unity) or greater or lesser than unity. Hence, genotype 

vfllne of unity is considered as to have an 
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average adaptability, where as the values less than unity and 
above unity indicates adaptability to poorer or favorable 
environment as per Eberhart and Russel model, 1966 but in 
Perkins and Jinks model, 1968 bi value >0 indicates stability in 
favorable environment, bi value <0 indicates stability in stress 
environment respectively. Another stability parameter S^di 
indicates the variation displayed by the genotypes for a 
particular trait over environments having similar indices. In 
present study, a genotype with unit regression coefficient (bi=l) 
and the deviation not significant by different from zero (S2di=0) 
are considered as stable as suggested by Singh and Chaudhary 


Keeping in view the above standards the character wise 
description is presented as under- 


Days to flower 


For days to flower, both regression coefficient (bi) and 
mean square deviation S'^di values were non significant for 18 
genotvpes. Eleven genotypes showed significant bi values 
indicating the presence of linear components of GxE 
interactions on tha other hand six genotypes showed significant 
S-di values having non-linear components of GxE interactions. 
Eleven genotypes showed bi values more than one. Indicating 
their suitability in favorable environment. Seven genotypes 
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differed significantly having mean values more than population 
mean (Table 3 ) 

None of the genotypes showed absolute norms of stability; 
however, genotypes NDR 850, Rohini, vaibhav and vardan can 
be considered as stable genotypes. 

Analysis through Perkins and jinks (1968) model 
e.xhibited that sixteen genotypes had mean more than 
population mean (44.20). All the genotypes showed bi values 
more than zero indicating their suitability to favorable 
environments. • 

As per Freeman and Perkins model (1971) the regression 
coefficient values indicated that genotypes NDR 850, Pusa 
Basant, Rohitii, Vaibhav Urvashi, Pusa Jaikisan and Vardan 
showed their mean for days to flower as less than population 
mean. Early flowering is desirable in mustard, on the otehr 
hand the regression coefficient of NDR 850, Pusa Basant, Sej-2, 
Rohini, Vaibhav, Pusa Jaikisan and Vardan reach to unity 
hence these genotypes can be considered for stable for days to 
flower Higher the mean value for this traits for Varuna, 

Krishna, RH 30, RH 393, Seeta, RH 9304 Pusa Jagannath, 
RLM 185, Durgamani were desirable for higher fertility levels.- 

As per Finlay and Wilkinson (1963) the stability analysis 
revealed that two genotypes namely Varuna and Pusa 


Jagnnath showed maximum mean values and regression 
coefficient near to unity possessed general adaptability. 
Genotypes, NDR 850, Rohini, Vaibhav and Vardan also showed 
their regression values near to unity but lower the mean values 
than population mean. In present cropping scenario early 
flowering is preferable hence these can also be considered as 
stable genotypes for early flowering. 

Primary branches per plant: 

In case of primar' branches per plant as per Eberhart 
and Russel. model sixteen genotypes showed their mean 
significantly superior from population mean four genotypes had 
regression coefficient as negative showing their suitability for 
poor environments. Ten genotypes showed bi values more than 
unity indicating their adaptability in favourable environments. 
Twelve genotypes shosed S^di values as negative Genotypes 
namely Sej2, Durgamani, Rohini, Vaibhav and Pusa Jaikisan 
can be considered as stable genotypes as they have their mean 
values more t han population mean with bi values near to one 
and S^di valu<is near to zero. 

According to Perkins and Jinks model 16 genotypes 
showed higher mean values as compared with population mean 
-and bi value more than one indicating their suitability to poor 
environment. Genotypes namely RH 819, Pusa Basant, RLM 



198, RH 9304 showed negative bi values showing their 
suitability to poor environment, However, Sej2, Durgamani, 
Rohini and Pusa Jaikisan can be considered as stable genotypes 

for all the environments. 


As per freeman and Perkins moaei, me 
coefficient for primary branches reached near to unity for 
genotypes Kr-.shna, NDTt 850, Kranti. RLM 198, Jawahar 1, 
RLM 185. R. hini, Urvashi Pusa Bahar. Pusa Jaikisan and 
Mava. The me an values of Krishna, Kranti, Jawahar 1, R 
and Pusa Jaikisan were more than population mean; hence 
these genotypes may be considered for stable in all type of 
fertility levels. Genotypes namely, Basanti; RH 393, Pusa 
Basant. Seeta, Pusa Jagannath. RH 9304, and Durgamani 
showed regression coefficient more than unity. 

The mean values of Basanti and Pusa Basant. were Tess 

than population mean which reflected that these genotypes may 
»..virnnment, other genotypes may be 


As per Finlay and Wilkinson on moaei on.y 
i.e. Durgamani. Rohini, Vaibhav and Pusa Jail 
their mean values more than population mean 
coefficient near to unity hence these may bi 
.average stable genotypes. Other test genotypes 
average adaptability* 




Secondary branches per plant; 

More number of secondary branches are considered as 
desirable in Indian mustard. The mean performance of 
genotypes namely Varuna, RH 819, NDR 850, RN 393, Pusa 
Basant, Kranti, Sej-2, RH 9304, RLM 185, Pusa Bold, Rohini, 
Vaibhav, Pusa Jaikisan and Vardan were higher than 
population mean (Table 3). Considering the regression 
coefficient of genotypes approaching unity namely Varuna, 
Krishna, NDR 850, Pusa Basant, Kranti; RH 9304, Jawahar 
one, Pusa bold, Urvashi and Pusa Jaikisan, The S^di values 
indicating near to zero of genotypes namely Varuna, Krishna, 
NDR 850, Pusa Basant, RH 9304 , Pusa Bold, Pusa Bahar and 
Pusa Jaikisari on the basis of these three parameters genotypes 
namely, Varuna, NDR 850, Pusa Basant, Kranti, RH 9304, 
Pusa Bold and Pusa Jaikisan may be considered as stable 
genotypes for the trait. Genotypes namely, Sej2, Rohini, Maya 
and Vardan were suitable for favourable environment while 
remaining genotypes showed S^di values as negative can be 
favoured to poor environments as per Ebei^art and Russel 
model. 

As per Perkins and Jinks model genotypes namely 
Varuna, NDR 850, RM 393, Kranti, RH 9304, Jawahar 1, Pusa 

'4 ■" ' 

Bold and Pusa Jaikisan showed higher mean value and bi 
values near to one; hence these can be considered as stable. 
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Genotypes namely, Krishna, Basant, RH 30, Seeta, Pusa 
Jagannath, Durgamani, Vaibhav, Urvashi and Pusa Bahar 
showed their mean values as lower than population mean and , 

bi values more than one; these genotypes may suitable for poor ; 

' ' ' ■ ■ ' ' ■ ' ■ . ' ' i 

environment. Remaining genotypes can be favoured for |j 

, , ' , . I ' 

fabourable environment. i : 

As per freeman and Perkins model (Table 3) the 
regression coefficient was near to unity for the genotypes J 

namely Krishna, RH 30, Kranti, RLM 185, Durgamani and ; : ! 

: j i! i ‘ 

Maya. These may be considered as stable genotypes Varuna ; 

and RH 819 showed their regression coefficient values less than ■ ^ | j 

one hence may be suitable for poor environment other 

genotypes whose regression coefficient values are more than ; | j 

® ' ■' E ||% 

one may be suited to rich environment. j | 

According to Finlay and Wilkinson model eight genotypes 
namely, NDR 850, RN 393, Kranti, RH 9304, Jawahar 1, Pusa 
bold, Urvashi, and Pum Jaikisan possessed higher mean , 

performance and regression coefficient near to unity means 
expressed stable performance other genotypes showed average r v ‘ 

or poor stability. ' I 

Height of plant: I 

Analysis of variance for stability parameters revealed 
significant values for all its components (Table 2, 2a, 2b and 
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2c). Analysis of stability parameters through Eberhart and 
Russel model revealed that regression coefficient was near to 
unity for RH 319, Basanti, Pusa Basant, Sej 2, RLM 198, Pusa 
Bold, Rohini, Maya, Vaibhav and Vardan. The deviation from 
regres.sion were near to zero for RH 819, RH 30, Sej 2, RLM 
198, Pusa Bold, Maya and Vardan revealed its suitability to all 
types of environments. 

As per Reeman and Perkins model, the regression 
coefficient of genotypes namely Basanti, RH 30, Pusa Bold 
Urvashi and Maya touching the level of unity hence these may 
be suitable for all types of environments. Other genotypes may 
be suited for favourable or poor fertility conditions. None of the 
test genotypes showed stability behaviour (Regression values 

near to zero) as per Perkins and Jinks model (1968). 

As per Finlay and Wilkinson (1963) model, the mean and 
regression coefficient values of RH 819, Basanti, Pusa Basant, 
RH 30, Sej 2, RLM 198, Pusa Bold, Rohini, Maya, Vaibhav and 
Vardan revealed their adaptability to all environments. 

Length of main fruiting branch: 

In case of length of main fruiting branch 19 genotypes 
showed their mean values as more than population mean. 9 
accessions showed regression coefficient values as more than 
unity indicating their suitability to favourable (high fertility 
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levels) environment. The third stability parameter SMi showed 
its value near to zero for 7 genotypes. Considering all, 
genotypes namely, Varuna, Krishna, RLM 198, Pusa Jaganath, 
Vaibhav, Pusa Jaikisan and Vardan can be considered as stable 
genotypes. As per Perkins and Jinks (1968) model the 
genotypes showed its regression coefficient values near to zero 
were RH 30, Seeta, Kranti and Urvashi these can be considered 


as suitable genotypes for low type of fertility level for the trait 


Genotype RLM If SS showed negative S^di value (-12.5) 


f\s per Perkins and Jinks model (1968), 22 test genotypes 


showed their bi values more than zero which can bi suitable for 


favourable environment. (Table 3). Only three genotypes 
namely RH 30, Seeta and Urvashi showed their bi values near 
to zero indicating their suitability in all types of environment. 
None of the genotype was found suitable for poor environment. 


As per freeman and Perkins model (Table 4) The 
regression coefficient of genotypes namely, Seeta, Pusa 
Jaggannath, RH 9304, Rohini, Vaibhav and Maya were near to 
unity which revealed their stability for all the environments for 
the trait. Jav, ahar 1 was found suitable for rich environment, 
while other genotypes showed their suitability to poor 
environment as their regression values were less than unity , 
According to Finlay and , Wilkinson model six genotypes have 
higher mean value of these genotypes also reach near to unity 


the genotypes were NDR 850, Basanti, RLM 198, Vaibhav, 
Pusa Jaikisan and Vardan. These genotypes can be considexed 
as stable for the trait. 


Number of Silique on main raceme: 


The analysis of variance for the trait showed highly 
significance differences for the trait the stability parameters as 
per Eberhart and Russel (1966) showed that 18 genotypes 
showed their mean value more than population mean the 
regression coefficient (bi) and deviation (S^di) revealed that RH 
819, Basanti, NDR 850, Pusa Jagannath, Jawahar 1, Vaibhav, 
Pusa Bahar and Pusa Jaikisan were near to unity and zero 
respectively mean fulfill the stability criteria for all types of 
environment. 


1000-seed weight; . 



The mean value of the trait was 4.85. 12 genotypes 
showed their mean values as more than population mean. None 
of the genotypes showed bi value as unity. However, five 
genotypes namely RH 819, Krishna, NDR 850, Jawahar 1 and 
Vardan showed their bi values near to one. The deviation of 
these genotypes (SMi) were also approaching to zero. Hence 
these can be treated as stable overall the environments. Nine 
'genotypes showed their bi values as more than one indicating 
their suitability to rich environment. Analysis through Perkins 
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and Jinks model exhibited that none of the genotypes had bi 
values as zero. The regression coefficient of RH 9305 (0.27) can 
be considered as stable. Other genotypes showed bi values as 
more than zero and can be suited for favourable environment. 


Two genotypes namely RH 30 and Seeta had bi values as less 
than zero showing their adaptability to unfavourable or poor 
environment as per freeman and Perkins model the regression 
coefficient vsilues indicated that genotypes NDR 850, Kranti, 
RLM 138, RLM 185, Maya and Pusa Bahar were in view to 
considered as stable genotypes for 1000-seed weight, while other 
genotypes showed less than one values of regression and can be 
suited to poor environment. As per Finlay and Wilkinson model 
genotypes. Genotypes namely RH 819, NDR 850, RN 393, RH 
9304, Maya, Vaibhav and Pusa Bahar showed higher per se 
performance in comparison to population mean coupled with 
near to unity for regression coefficient value as per Finlay and 
Wilkinson model hence can be considered as stable genotypes. 


As per Finlay and Wilkinson model only two genotypes 
namely Pusa Bahar and Vardan were found stable as they 
possess higher mean and regression coefficient near to unity 
other genotypes showed average or poor stability. 


Days to maturity 


Lower the mean value from population mean is desirable 
for this trait. The mean values of genotypes Basanti, Pusa 
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Basant, RLM 198, RLM 185 and Pusa bold were found less than 
population mean, The regression coefficient (bi) values of these 
genotypes along with SMi fulfill the stability criteria (except 
RLM 185) and can be suited for all type of environments. The 
negatie bi valuer of Kranti, Pusa Jagannath and Vardan 
indicated their stability in poor environment while other 
genotypes were found suitable for favourable environment. As 
per Perkins and Jinks model (1968) the regression coefficient 
(bi) of RH 9304, RLM 185 and Pusa Jaikisan were near to zero 
hence can be considered as stable for all environment. Other 
genotypes showed their suitability " to rich or poor 
environments. 


According to Freeman and Perkins model sixteen 
genotypes showed their regression values near to one and can 
be considered as stable for all type of environments. As per 
Finlay and Wilkinson model. Five genotypes namely NDR 850, 
Basanti, Pusa Basant, Seeta and Pusa Bold showed mean 
values higher than population mean and regression coefficient 
values near to one as for earlyness point of view. These 
genotypes were not qualified for stable due to late maturity. 



Seed yield per plant: 


' As per Eberhart and RusseL model nine genotypes i.e. 
Basanti, Sej 2, Jawahar, Pusa Bahar and Vardan were found 


/ 


stable for all environments. Other genotypes showed suitability 
to rich or poor environments. As per Perkins and Jinks model 
only one geno type i.e. RH 819 showed minimal value of bi and 
considered as stable. 

As per pleeman and Perkins model, eleven genotypes, 
namely; Krishna, Basanti, RH 30, Kranti, RLM 185, 
Durgamani, Maya and Vardan expressed its regression values 
near to one hence may be considered as stable for all 
environments. 

According to Finlay and Wilkinson model the regression 
coefficient and mean values of genotypes namely Basanti, 
Jawahar j, Durgamani, Pusa Bold, Urvashi, Pusa Bahar and 
Vardan showed high and near to unity and can be considered as 
stable for all the environments. Negative the values of bi for 
Pusa Basant, RLM 198, Jawahar 1 and Maya showed its 
stability for low fertility level while other genotypes may be 
suited for favourable environments. 

Oil content: 

The stability parameters as per Eberhart and Russel model the 
high mean value than population mean regression coefficient 
near to unity and di near to zero of the genotypes namely 
Varuna, RH 819, NDR 860, Kranti, Sej 2, Jawahar 1, Vaibhav 
and Vardan showed stability for all environments while 

89 


negative regression and higher the value of S^di showed other 
genotypes for suitability in poor or rich environments. As per 
Perkins and Jinks model Krishna, RLM 198 and Urvashi were 
found stable for the trait. According to freeman and Perkin 
model regress . on coefficient for Krishna, NDR 850, Basanti, RM 
393, Pusa Jaikisan and Vardan showed near to unity value 
hence consideted as stable for all environments. As per Finlay 
and Wilkinson model eight genotypes were found stable for oil 
content these were Varuna, RH 819, Seeta, Jawahar 1 Pusa 
Bold, Vaibha\ , Pusa Jaikisan, and Vardan. Other genotypes 
showed suitability to rich or poor environment. 




Chapter-V 


DISCUSSION 


In the present investigation the association and path analysis 
on pooled data between various traits revealed significant positive 
correlation of seed yield with number of primary branches, number 
of secondary branches, 1000-seed weight and oil percent both at 
genotypic and phenotypic level. It implies strong relationship of 
these traits with seed yield and therefore, by increasing the value of 
these component traits, yield may easily be pushed up. These 
findings are in agreement with those of Yadav (1983), Gupta ef a/., 
(1987), Kumar al, (1987), Reddy (1991). Although percentage 
oil content also showed positive correlation with seed 3 deld. But due 
to positive indirect effects via plant height, length of main raceme, 
number of primary branches, number of secondary branches and no. 
of siliquae per plant nullified the negative direct effect of oil per cent 
on seed yield and the correlation became positive. The study further 
revealed that some of the characters viz,, plant height and length of 
main raceme were positively correlated with seed 3 deld. 


Correlation of yield with days to 50 per cent flowering and no. 
of siliquae per plant however, observed negative both at genotypic 
and phenotypic levels. It implies that emphasis on selection of these 
characters will not help in increase of seed yield. Days to maturity 
showed negath'e significant correlation with yield This is primarily 
due to the mort; negative direct effect of days to maturity on yield. 



Among the . cha racters governing yield revealed that 
association of plant height was positive significant with length of 
main raceme both at genotypic and phenotypic levels and with 
number of primary branches at genotypic level only. It follows' that 
taller plant would contribute more to length of main raceme and 
number of primary branches. On the other hand plant height 
showed negative significant association with days to 50 per cent 
flowering and oil per cent at genotypic level only. It implies that 
taller plant would result ir -early flowering accompanied by less oil 
per cent. Flar.t height again showed negative but non-significant 
association with days to maturity both at genotypic and phenotypic 
levels. It implies that taller plant would attain early maturity with 
less oil per cent Plant height showed positive non-significant 
association with number of secondary branches, no. of siliquae per 

plant and lOOO-seed weight. It suggests that taller plant would give 
rise to more number of secondary branches, longer number of 
siliquae per plant and higher test weight as these traits attribute 

more to yield. 

Length of main raceme showed positive association with yield. 
(Chaturvedi et al., 1988). Association of length of main raceme 
was positive significant with no. of sUiquae per plant at genotypic 
level only which suggests that length of main raceme is a kin to no, 

' 'of siliquae per plant giving overall impact on seed yield. It showed 
positive non-significant association with number of primary 


m 
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branches, number of secondary branches and 1000 seed weight both 
at genot 3 T>ic and phenotypic levels. It follows that more length of 
main raceme would attain more number of primary and, secondary 
branches and more 1000-seed weight. On the other hand length of 
main raceme showed negative and significant association with days 
to 50 per cent flowering and oil per cent at genotypic level only. It 
suggests that more length of main raceme would attain: early 
flowering with less oil per cent. Further, it showed negative and non- 
significant association with days to maturity both at genotypic and 
phenotypic levels. It revealed that more length of main raceme 
would attain early maturity. 

of primary branches showed positive significant 
association with 1000-seed weight and oil per cent both at genotypic 
and phenotypic levels. It could be understood that more number of 
primary branches would attain more test weight and oil per cent. 
Number of primary branches showed positive and non-significant 
association with days to 50 per cent flowering at genotypic level 
while negative and non significant at phenotypic levels. On the other 
hand number of primary branches showed negative non-significant 
association wii:h number of secondary branches at genotypic level 
while positive and non-significant at phenotypic levels. It suggests 
that more number of primary branches reduces secondary branches 
number. Further, number of primary branches showed negative non- 
significant association with no. of siliquae per plant and days to 
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maturity both at genotypic and phenotypic levels. It could be 
understood that more number of primary branches would attain less 
no. of siliquae per plant and less number of days to maturity. 


Number of secondary branches snowea sigmncant po&iuvc 
association with oil per cent both at phenotypic and phenotypic 
levels. It revealed that more number of secondary branches would 
attain", higher oil per cent. Further it showed non-sigmficant 
positive association with no. of siliquae per plant and 1000-seed 
weight. It suggests that more number of secondary branches would 
attain more no. of siliquae per plant and 1000-seed weight. On the 
other hand number of secondary branches showed significant 
negative association with days to 50 per cent flowering both at 
genotypic and phenotypic levels. It could be understood that more 
number of secondary branches would attain early flowering. Further 
r^ocT^tiva Tion-sienificant association with days to maturity 


Association of days to 50 per cent flowering was 
positive with days to maturity both at genotypic and phenotypic 
levels. It could be understood that early flowering would attain early 
maturity. Similar results were also observed by Yadav et al, 
(1978). Further days to 50 per cent flowering showed positive nou 
'significant association with lOOO-seed weight at genotypic leve 
while negative non-significant at phenotypic levels. 
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No. of siliquae per plant revealed positive significant 
association wi th days to maturity both at genotypic and phenotypic 
levels. It suggests that, long no. of siliquae per plant results late 
maturity. Further no. of siliquae per plant showed positive non- 
significant association with oil per cent at genotypic level while 
negative non-significant at phenotypic levels. It suggests that long 
no. of siliquae per plant results higher percentage of oil. On the 
other hand no. of siliquae per plant showed significant negative 
association with 1000-seed weight both at genotypic and phenotypic 
levels. It suggests long no. of siliquae per plant would attain less 


1000-seed weight 


Days to maturity showed negative and significant association 
with 1000-seed weight both at genotypic and phenotypic levels. It 
suggests that more days to maturity leads to reduction of seed 
weight. Further days to maturity showed negative non-significant 
association with oil per cent both at genotypic and phenotypic levels. 
It also suggests that more number of days to maturity leads to the 
reduction of seed size and oil per cent. 


Association of 1000-seed weight with oil per cent was found 
to be positive and significant at genotypic level while non-significant 
and positive at phenotypic levels. It could be understood that more 
1000-seed weight n suits higher percentage of oil 
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The genotypic correlation coefficient were further partitioned 
into direct and indirect effects 'to find out the cause and effects 


relationship of various traits on yield 


In the present investigation path coefficient analysis revealed 


that genotypic correlation of plant height with seed yield was 


positive. Similar findings were observed by Chaudhary et at 


(1987), Kumar et al., (1987), Singh et at., (1987). Though the 


direct effect o..' plant height on seed yield was negative. This was 
primarily due to the positive indirect effect of number of primary, 
secondary branches, reproductive phase, days to maturity, 1000-seed 
weight and oil per cent. Other traits viz., length of main raceme and 
days to 50 per cent flowering have negative indirect effects. Ey 
mutual cancellation of these effects, the correlation between plant 
height and seed yield became positive. 


The genotypic correlation between length of main raceme and 
seed yield was positive. Similar results observed by Chaturvedi et 
al., (1988). Though the direct effect of length of main raceme on 
seed yield was negative. This was primarily due to the positive 
indirect effect via number of primary -branches, number of 
secondary branches, reproductive phase, days to maturity, 1000-seed 
weight and oil per cent. Other traits viz., plant height, days to 50 per 
cent flowering showed negative indirect effects. 




The genotypic correlation of number of primary branches with 
seed yield was positive. Similar results also observed by 
Chaturvedi et ah, (1988). It also revealed positive direct effect 
accompanied by positive indirect effect via days to 50 per cent 
flowering days to maturity and 1000-seed weight. 

The genotypic correlation between number of secondary 
branches and seed yield was positive. Similar results were also 
observed by Chaudhary et al., (1990). This was primarily due to 
the positive direct effect along with positive indirect effect via 
reproductive phase, days t( maturity and 1000-seed weight. 

The genotypi'. correlation between days to 50 per cent 
flowering and seed yield was negative though the direct effect was 
positive along with positive indirect effect via plant height, length of 
main raceme number of primary branches, 1000-seed weight and oil 
per cent. Other traits viz., number of secondary branches, no. of 
siliquae per plant and days to maturity, showed negative indirect 
effect. By mutual cancellation of these effects the correlation 
between days to 50 per cent flowering and seed yield became 
negative. 

The genotypic correlation between no. of siliquae per plant and 
^ seed yield was negative inspire of it having maximum positive direct 

effect besides s imilar positive indirect effect via number of secondary 
branches. Other traits viz., plant height, length of main raceme, 




97 


' - — — . : 

. . ■ ■ .... ■■'. ■ ..... 

number of primary branches, days to 50 per cent flowering, days to 
maturity, 1000-seed weight and oil per cent showed negative indirect 
effect and slice off high positive direct effect to the extent that it 

revealed negative correlation with seed yield. 

■ 

: I' 

The genotypic correlation between days to maturity and seed 

‘ . . '■ .' ' ' ■ ■ '■ ji 

yield was negative. This has primarily due to its high negative direct 

. ^ ' , ' ,. ■ , ■ ■ ■ ■ ■ ■ / . . ■■ ■ ' , . ■ ■ I' i ^ 

effect itself beside a negative indirect effect via number of primary 
branches, number of secondary branches and 1000-seed weight. 

Other traits viz., plant height, length of main raceme, days to 50 per 
cent flowering, no. of siliquae per plant and oil per cent however, 
have shown positive indirect effect. By mutual collection of these 
effect, the correlation between days to maturity and seed yield 
became negative. 

The genot>TDic correlation between 1000-seed weight and seed 
yield was positive. Chaudhary et al., (1981). This was attributable 
to its positive direct effect together with positive indirect effect via 
number of primary branches, number of secondary branches, days to 
50 per cent flowering and days to maturity. Even so other traits viz., 
plant height, length of main raceme, no. of siliquae per plant and oil 
per cent have shown negative indirect effect. By mutual cancellation 
of these effects, the correlation between 1000-seed weight and seed 
‘ yield became positive. ^ ^ ^ ^ 
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The correlation between oil per cent and yield was observed 
positive, in the face of it revealing negative direct effect coupled with 
negative indirect effect of days to 50 per cent flowering. Other traits 
viz., plant height, length of main raceme, number of primary 
branches, number of secondary branches, reproductive phase, days 
to maturity and 1000-seed weight have together showed more 
positive indirect effect and the correlation between oil per cent and 

seed yield became positive. 

Heritability is an index of transmissibility of a character from 
parents to offspring. If the heritability estimate of any character is 
high it is expected that improvement of that character is possible 
through selection, whereas low heritability indicates that character 
is highly influenced by the environmental fluctuations and one has 
to raise a larger population for selecting desirable genotypes. In the 
present investigation, plant height, length of main raceme. 1000- 
seed weight and seed yield showed high heritabiUty indicating that 
improvement can be brought about by adopting direct selection for 
these traits. These results are in agreements with earliar reports of 
Thurling (1974), Katiyar et al. (1976). and Yadav et al. (1985). 

The moderate heritability estimates were observed for number 
of secondary branches, days to 50 per cent flowering, no. of sUiquae 
■ -per plant and days to maturity indicating that these characters can 
be improved by making rigorous selections only in the segregating 
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population. Similar findings have also reported by Tiwari and Singh 
(1973), Paul (1978) and Yadav (1983). 

The low heritability estimates however were recorded for 
number of primary branches and oil per cent suggesting that the 
improvement through selection would not be worthwhile and render 
itself against selection. L ei al. (1990) also reported low heritability 
for these traits. 

Heritability alone does not provide an ample evidence 
regarding the amount of genetic progress which could be possible 
through selection. The heritability estimates accompanied by high 
genetic advance is therefore, a more reliable guide for making 
selections. In the present investigation, high heritability together 
with high genetic advance in per cent of mean were observed for 
seed yield per plant, 1000-seed weight, length of main raceme and 
number of secondary branches. It is, therefore fallows that combined 
force more emphasis should be laid on selections for those characters 
having high heritability coupled with high genetic advance. 

Information about phenotypic stability is useful for the 
selection of crop varieties as well as for any effective breeding 
programmes. The phenotypic performance of a genotype is not 
necessarily the same under diverse-ecological conditions (Ali et al. 
2003). Some genotypes perform well in certain environments, but, 
fail in several others. Genotype-environment (GxE) interactions are 
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extremely important in the development and evaluation of plant 
varieties because they reduce the genotypic stability values under 
diverse environments (Hebert et al 1995). The concept of stability 
has been defined in several biometrical methods including 
univariate and multivariate ones have been developed to assess 
stability (Lin t t al. 1986; Becker and Leon, 1988; Crossa, 1990). The 
most widely used one is the regresion analysis method, based on 
regressing the mean value of each genotype on the environmental 
index or marginal means of environments (Romagosa and fox, 1993; 
Tesemma al., 1998). A good method to measure stability was 
previously proposed by Finlay and Wilkinson (1963) and was later 
modified/improved by Eberhert and Russell (1966), Perkins and 
Jinks (1968), Freeman and Perkins (1971) etc. The stability of 
varieties was defined by high mean performance for character 
concerned and regression coefficient (bi=1.0). The stability was 
defined as adaptation of varieties to unpredictable and transient 
environmental conditions and the technique has been used to select 
stable genotypes unaffected by environmental changes. (Allard and 
Bradshaw, 1964). 

A number of stability studies have been carried out an 
different crop plants as well as on mustard in India and abroad 
using the method of Eberhert and Russell (1966) or Finlay and 
Wilkinson (1963). The comparative evaluation of more these two 
methods is extremely limited. Hence the main objective of this study 



were to evaluate the yield and its components in Indian rape 
genotypes in different level of fertilizers and date of sowing with 
locations and to determine their stabilities using different stability 
parameters. 


The considerable amount of genotypes environment linear 
component emphasized genotypes deviating four regression line of 
unit line could be identified. The stability of productivity for the 
epithets of economic importance such as yield and quality, is of 
interest to th€‘ plant breeder. Desirable genotypes must have low 
genotypic - environmental interaction for agriculturally important 
epithets but, cn the other hand may be more flexible for the other 
epithets. Such genotypes are said to be 'well buffered', as these could 
adjust their genotypic status in response to the changing 
environmental conditions (Lemer, 1954). Adoption is the property of 
genot 5 npe or population of genotypes permitting subsequent 



alteration of the norms of the adaptation is response to changed 
selection pressure (Simmonds, 1962). 

Stability in a population can be achieved by two ways:- 

(1) Individual buffering; It is the ability of an individual 
genotype or a population to produce a certain narrow range of 

different environment. It comes from the 
genetically homogeneous population such as inbreed lines, 
pure lines , cultivar of a self pollinated crops. 


^ 4 
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(2) 


Population buffering; A population can be an aggregate of 
a number of genotypes each adapted to a some what different 
range of environments. It arises from the interaction of 
different coexisting genotypes, Allard (1961) and Finlay (1963) 
while working on Lima-beans and barley, respectively, 
reported that the advance generation hybrid population were 
highly buffered. 

The greater magnitude of variation in regression coefficient 
further indicated that the genotype and different degree of individual 
responses well under varying level of environments. It is generally 
accepted that for some extent variability among environment could 

determine the usefulness of regression response parameters. 

significant differ onces among the genotypes over 
environments for all the traits studied. It is also apparent that 
the mean performances of the genotypes were also highly 
variable under different environments. More over the 
interaction of genotypes x environment were also significant for 
all the traits. It directs that the performance genotypes varied 
from environment to environmental therefore, it is imperative 
to select the stable genotypes as per environmental situations. 
The mean squares were also significant against reminder for all 
"the traits except oil content considering the ANOVA of freeman 
and Perkins the environment, combined regression and GxE 
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were also highly significant for all the traits tested against 

error for the character concern. 


heterogeneity between regression and remainder snoweu txict 
mean squares due to these components were significant for all 
the traits. This indicated the prepotency of linear component in 
these traits and hence, prediction appeared possible. 
Nevertheless, these traits had both linear and non-linear 
components of GxE interactions. However, non-linear 
component was higher than linear component for all the traits 
except number of primary branches per plant indicating that 
prediction could not be made easily for these traits. However, it 
•II 1 ^ 1 0-1/4 -nor inrHvi dual grenotypes. Similarly, 



genotypes were similar in their stability for seed yield in Finlay 
and Wilkinson and Eberhtrt and RusserV models due to their 
regression coefficients and higher mean performance, but 
different in other models because in two other models as 


ascribed just reverse criterion in respect to regression 
coefficients. The genotypes found common in majority of 
characters were Basanti, Sej 2, Jawahar 1, Durgamani, Pusa 
Bold, Urvashi, Pusa Bahar, Pusa Jaikism and Vardan. A 
critical analysis of these genotypes showed that these genotypes 
were constituted through combination of different genotypes of 
diverse origin using multiple parents which produce, non- 
sensitiveness in diverse environments. They may also produced 
greater buffering capacity over a wide range of environment. 


The genotypes showing positive response in favourable 
environments might be due to their sensitivity to higher level of 
fertilizers anc. other favourable agronomical operation or lower 
buffering ability in changing environments. 


The stability analysis technique partitioned the genotype 
X environment interaction components of variance of each 
genotype in to two parts, therefore, each genotype will be 
characterized by three parameters i.e. mean of the genotype 
over all environments (x), linear regression coefficient in 
relation to environmental index (bi) and deviation from linear 
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regression (SMi). Since the average slope of the environmental 
index is one, regression coefficient for each genotypes may be 
one (unity) or greater or lesser than unity. Hence, genotype 
with regression value of unity is considered as to have an 
average adoptability, where as the values less than unity and 
above unity indicates adaptability to poorer or favourable 
environment as per Eberhart and Russel, model, 1966 but in 
Perkins and Jinks model, 1968 bi value >0 indicates stability in 
favourable environment, bi value <0 indicates stability in stress 
environment respectively. Another stability parameter SMi 
indicates the variation displayed by the genotypes for a 
particular trait over environments having similar indices. In 
present study, a genotype with unit regression coefficient (bi=l) 
and the deviation not significant by different from zero (S2di=0) 
are considered as stable as suggested by Singh and Chaudhary 
(1985). 

As per Eberhart and Russel model nine genotypes i.e. 
Basanti, Sej 2, Jawahar, Pusa Bahar and Vardan were found 
stable for all environments. Other genotypes showed suitability 
to rich or poor environments. As per Perkins and Jinks model 
only one genotype i.e. RH 819 showed minimal value of bi and 
considered as stable. 
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As per Freeman and Perkins model, eleven genotypes, 
namely; Krishna, Basanti, RH 30, Kranti, RLM 185, 


Durgamani, Maya and Vardan expressed its regression values 
near to one hence may be considered as stable for all 


environments. 


According to Finlay and Wilkinson model the regression 


coefficient and mean values of genotypes namely Basanti, 


Jawahar 1, Durgamani, Pusa Bold, Urvashi, Pusa Bahar and 


Vardan showed high and near to unity and can be considered as 


stable for all the environments. Negative the values of bi for 


Pusa Basant, RLM 198, Jawahar 1 and Maya showed its 


stability for low fertility level while other genotypes may be 


suited for favourable environments. 









Chapter-VI 


SUMMARY AND CONCLUSION 


variability and stability parameters; an 
genotypes of Indian mustard 
NDR850, Basanti, KN393, Pusa 
eta, RLM198, Pusa Jagannatb, 
Duragmani, Pusa Bold, Robim, 
aar, Pusa Jaikishan and Vardan 
Research Farms of Brahmanand 
and Nehru Mahavidyalaya 
2005-06 (first year) at three levelffof 
(lOOkgN, 60kg P2O5, 
of fertilizers (bOkgN, 
of nil fertilizers and 
sowinff last week of 


To observe the genetic 
experiment consisting 25 
namely Varuna, RH819, Ki 
Basant, RH 30, Kranti, S' 

RH9304, Jawahar-l, RLM 
Maya, Vaibhav, Urvushi, P 
was conducted at two location i.e 
Mahavidyalaya, Rath, Hamirpur (U.P.) 
Lalitpur (U.P.) during Rabi 

fertility. First level normal dose of fertilizers 

40kg KaO) per hectare. Second level low dose 

riAr hecta:re. Third level 



VARIAEILTIY 


All the characters showed considerable amount of variability 
for all the traits at all the conditions. Seed yield per plant had 
highest coefficient of genotypic and phenotypic variability. 
Phenotypic coefficients of variability were higher than their 
respective genot>pic coefficient of variability for all the characters 
under study which indicated that environment play significant role 
in expression of characters. 


2. HERITABILITY AND GENETIC ADVANCE 


All the characters studied showed high heritability estimartes 
in broad sense. Heritability estimates was observed highest for seed 
yield per plant followed by plant height . 


Estimate of genetic advance in per cent of mean was observed 
highest for seed yield per plant followed by 1000-seed weight high 
heritability coupled with high genetic advance indicates the presence 
of additive gene action. The estimates of genetic advance in per cent 
of mean were comparatively low for oil percentage and days to 
maturity indicating the presence of non additive gene action. 

3. CORRELATION COEFFICIENT 

Number of primary branches showed the highest positive and 
significant correlation vdth seed yield. Number of secondary 
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branches, 1000-seed weight and oil content also showed positive and 
significant correlation with seed yield. The negative correlation was 
obser\'ed for days to maturity and secondary branches with seed 
yield per plant. 


4 PATH ANALYSIS 


5 STABILITY ANALYSIS 


1. The stability analysis revealed signmcant Qinerences lui 
genotypes, location, years, fertility levels and their various 
interactions. The orthogonal partitioning of components were 
also significant using all the models. 


Non-linear components of GxE were higher than linear 
components for all the traits except number of primary 

branches per plant. 


3. Genotyp2s namely, NDR 850, Pusa Basar 
Urvashi, Pusa Jaikisan and Vardan were 
early flowering. 



4. Genotypes Vanina, Krishna, RH 30,' RN 393, Seeta, RH 9304, 
Pusa jagannath, RLM 185 and Durgamani were observed 
suitable for higher fertility level and delayed flowering. 


5. Genotype Sej 2, Durgamani, Rohini, Maya and Pusa Jaikishan 
were found stable for primary branches per plant. 


6. In case of secondary branches per plant genotype Vanina, 
Krishna, NDR 850, Pusa Basant, RH 9034, Pusa Bold, Pusa 
Bahar and Pusa Jaikishan were found stable. 


7. RH 819, HDR 850, Basanti, Sej-2, RLM 198, Jawahar-1, RLM 


185, Vaibhav, Pusa Bahar and Pusa Jaikishan were found 


stable for seliquae on main fruiting branch 


8. RH 819, iCrishna, NDR 850, Kranti, Jawahar-1, Durgamani 


Rohini and Pusa Bahar were foimd stable 


9. In case of yield per plant genotypes Basanti, Sej 2, Jawahar 1, 
Durgamard, Pusa Bold, Urvashi , Pusa Bahar, Pusa Jaikishan 
and Vardan were found stable. 


Genotypes namely, Varuna, RH 819, Kranti, Sej 2, 
Jawahar 1, Pusa Bold, Vaibhav, Pusa Jaikishan and Vardan 
showed stability for oil content. 


CONCLUSION 


i 5 


.1 ‘ if' 




Considering all the characters and all the models of stability 
under study none of the test genotypes were found stable for all the 
traits. However, genotypes namely NDR 850, Sej 2, Jawahar 1, 

Vaibhav, Pusa Bold and Vardan were found stable for majority of 

the characters. 


^ ^ ^ ^ 
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Estimate# of regression cociTicicnt values for stabilit>' parameters as per Freeman and Perkins model, (1971) 
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Significant at p=0.05, ** Significant at p=0.01. 
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